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Thefounding theme of Linear Technology Corporation was to create a company capable of leading 
and directing linear circuit technology and design concepts of the future, and thus become the 
market's linear specialist. The company believes that the totallC business has become so diverse 
and so complex that a single company will have great difficulty assembling the engineering talent 
necessary to lead in all areas of device technology. 


Today,the customer base benefits by accessing the best product available in each functional area 
of the IC market from those vendors who are at the leading edge of performance and technology as a 
result of their "focused" strategy approach. Thecustomer now has the choice of acquiring the best 
linear, the best microprocessor, the best memory products, etc., by choosing the best vendorin each 
area. In order to achieve the goal of becoming the market's first choice in the linear area, LTC has 
assembled the leading design, test, product, assembly, quality and process engineering talent in the 
industry, operating in what we feel is the most modern linear integrated circuit facility in production 
today. 


Linear Technology possesses a wide variety of bipolar processes including Super Beta, Bifet, low 
noise, high speed, thin film resistors, sinkers, sub-surface zeners, and more. Thecompany also has 
in production several verymodern silicon-gate CMOSprocesses, LTCMOSTM,which are specifically 
tailored to satisfy the special needs of linear IC functions. 


Linear Technologyis committed to servicing the demanding requirements of the Military/Aerospace 
marketplace. Our 883 DESC Drawing and MIL Drawing programs are designed to consistently 
provide off-the-shelf high performance linear integrated circuits tested to the requirements of MIL- 
STD-883Class B, and fully compliant to Revision C. Our documentation, designs, procedures, and 
facilities have been carefully established to meet the rigid requirements of MIL-STD-38510level 
devices. Thecompany's facility is JAN approved for both B level and S level products and numerous 
JAN QPL types are currently being supplied by Linear Technology,along with a wide variety of MIL- 
STD-883C and standard military drawing (SMD) products. In addition, LTC is committed 
to 
supporting the rigorous demands of'S' level source control drawings to service hi-rei and space 
applications. 
All 
military-grade products 
are 100% tested at temperature extremes. Both 
commercial and military outgoing quality levels are sampled over temperature with full lot 
traceability 
back to the original wafer from which the device was derived. Presently Linear 
Technology can boast that its products are used by all of the top 25 largest military contractors in 
the U.S. 


On the commercial side of the business, the company's proprietary products are currently being 
used by leading manufacturers of automobiles, computers, instruments, cameras, telecommunica- 
tion systems and in many other areas. Thecompany prides itself in doing business with the major 
manufacturers and leaders in each of these market segments. 


This catalog contains products that already enjoy very wide acceptance status in new and existing 
end products. 


In addition to the commitment to provide better technical solutions, we also commit to our 
customers that we will strive to make quality and reliability a reason to buy from Linear Technology. 
Our products address the instrumentation, industrial, data acquisition, peripheral, interface, and 
military markets with solutions to linear systems application problems. 


Linear Technology 
Corporation 
Linea, Databook 
1990 


LINEAR'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE 
EXPRESSWRITIEN APPROVAL OFTHE PRESIDENT OF LINEAR TECHNOLOGY CORPORATION. As used herein: 


a. Life support devices or systems are devices or systems which (I) are inlended for surgical impianl into the body, or (2) support or sustain life and 
whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected to result 
in a significant injury to the user. 


b. 
A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system or to affect its safety or effectiveness. 


Information furnished herein by Linear Technology Corporation is believed to be accurate and reliabie. However, no responsibility 
is assumed for its 


use. Linear Technology Corporation makes no representation that the interconnection 
of its circuits, as described herein, will not infringe on existing 
patent rights. 
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INDEX. 
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PROPRIETARY PRODUCTS 


LTIOOI. PrecisionOpAmp 


LTIOOICS8. PrecisionOpAmp 
. 


LTI002. Dual, Matched Precisian DpAmp 


LTI006, Precisian. Single Supply OpAmp . 


LTI006S8, Precisian, SingleSupplyOpAmp. 


LTI007, Law Noise. High Speed Precisian OpAmp 
. 


LTl007CSIL Tl037CS, Law Noise. High Speed Precisian OpAmps. 


LTI 008, Picoamp Input Current, Microvolt Offset, Law Noise OpAmp .. 


LTIOIO. Fast ± 150mA Power Buffer 
. 


LTIOI2, PicoamplnputCurrent, 
MicrovoltOffset, LowNoiseOpAmp 
. 


LTIOI2S8, PicoamplnputCurrent, 
MicrovoltOffset, LowNoiseOpAmp. 


LTIOI3, DuaIPrecisionOpAmp 
. 


LTIOI30S8, 
OuaIPrecisionOpAmp............. 
. 


LTIOI4, QuadPrecisian OpAmp 
. 


LTI 022, High Speed, Precisian JFET Input OpAmp 


LTI024, Dual, MatchedPicoampere, Microvoltlnput, 
LowNoiseOpAmp 
. 


LTI028, Ultra-Law Noise Precisian High SpeedOpAmp 
. 


LTI028CS, Ultra-Law Noise Precisian High Speed OpAmp. . . . . . . . . . . . . 
. 
. 


LTI037, LowNoise, HighSpeedPrecisionOpAmp. 
. 
. 


LTCI049, Law Power Chopper Stabilized OpAmp with Internal Capacitors 
. 


LTCI050, Precisian Chopper Stabilized OpAmp with Internal Capacitors 
. 


LTC1051, Dual Precisian Chopper Stabilized OpAmp with Internal Capacitors .. 


LTCI052, ChopperStabilizedOpAmp............ 
. 
. 


LTCI052CS, Chopper Stabilized OpAmp (CSOA™) 
. 


LTI055, Precisian, High Speed, JFET InputOp Amp. 


LTI056, Precisian, High Speed, JFET Input OpAmp .. 


LTI 055S81LTI 056S8, Precisian, High Speed, JFETInput OpAmps. 


LTI057, DualJFETlnputPrecision, 
HighSpeedOpAmp. 
. 
. 


LTl057SILT10571S, 
DualJFETlnputPrecision, 
High Speed OpAmp 
. 


LTl058, QuadJFETlnputPrecision, 
High Speed OpAmp . 
. 
. 


LTI 077, Micropower, Single Supply, Precisian OpAmp 
. 


LTl078, Micropower, Dual, Single Supply, PrecisionOpAmp 
. 


LTI079, Micropower, Quad, Single Supply, PrecisionOpAmp 
. 


LTC1100, Precision, Single Supply, Instrumentation Amplifier (Fixed Gain= 100) . 


LT1101, Precisian, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain= 100r 100) 
. 


LT1102, High Speed, Precisian, JFET Inputlnstrumentation 
Amplifier (Fixed Gain= 100r 100) 
. 


LTC1150, ± 15VChopper Stabilized OpAmp with Internal Capacitor 
. 


LT1178, 17p.A Max, Dual Single Supply, Precisian OpAmp . . . . . . . . . . . . 
. 
. 


LTl179, 17p.A Max, OuadSingleSupply, 
PrecisionOpAmp 
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ENHANCEDAND SECDNDSOURCEPRODUCTS 


LF155/LF355, 
JFET InputOpAmp, 
Low Supply Current. 


LF155A/LF355A, 
JFET Input OpAmp, Low Supply Current 
. 


LF156/LF356,JFETlnputOpAmp, 
High Speed 
. 


LF156A/LF356A, 
JFET InpulOp Amp, High Speed. 


LF412A, Dual PrecisionJFET InputOpAmp. 
. 
. 


LH2108A,DuaILM1080pAmp 
. 


LM 1O/B(L)/C(L), 
Low Power OpAmp and Reference. 


LM101A/LM301A, 
Uncompensated General Purpose OpAmp 


LM 107ILM307, Compensafed General Purpose OpAmp 


LM108/LM308, 
SuperGainOpAmp 
. 


LM 108A/LM308A, 
Super GainOpAmp 


LMl18/LM318, 
High Slew RateOpAmp 


LM318S8, High Speed OpAmp .. 


LTlI8A/LT318A, 
Improved LM118 OpAmp 


LTC7652, Chopper-StabilizedOpAmp. 
. 
. 


OP-05, OP-05A, OP-05C, OP-05E, Internally Compensated OpAmp. 


OP-07, OP-07A, OP-07C, OP-07E, PrecisionOpAmp 


OP-07CS8, Precision OpAmp 


OP-15A, OP-15B, OP-15C, OP-15E, OP-15F, OP-15G, Precision, High Speed JFET InpulOp Amp. 


OP-16A, OP-16B, OP-16C, OP-16E, OP-16F, OP-16G, Precision, High Speed JFET Input OpAmp 


OP-27A, OP-27C, OP-27E, OP-27G, Low Noise, Precision OpAmp. 


OP-37A, OP-37C, OP-37E, OP-37G, Low Noise, High Speed OpAmp 


OP-215, Dual PrecisionJFET InputOpAmp 


OP-227A, OP-227C, OP-227E. OP-227G, Dual Matched, Low Noise OpAmp 


OP-237A, OP-237C, OP-237E, OP-237G, Dual High Speed, Low Noise OpAmp . 
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PROPRIETARYPRODUCTS 


LTZI 000, Ultra Precision Reference. 


LTZI OOOA,Ultra Precision Reference. 


LTI 004, Micropower VoltageReference. 


LTI004CS8-1.2/LTI004CS8-2.5, 
Micropower VoltageReferences 
. 


LTl009Series, 
2.5 VoltReference . 
. 
. 


LT1009S8, 2.5 VoltReference . 
. 
. 


LT1019, Precision Reference. 
. 
. 


LTI 021, Precision Reference. 


LTI 021DCS8, Precision Reference 


LTl027, Precision 5V Reference 


LTl029, 5V Bandgap Reference. 


LTl031, Precision 10VReference . 
. 
. 


LTI034-1.2/L 
Tl034-2.5, 
Micropower DualReference. 


LTl034CS8-1. 2/L Tl034CS8-2.5, 
Micropower Dual Reference 


LTl431, Programmable Reference. 
. 
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ENHANCEDAND SECONDSOURCEPRODUCTS 


LH0070, Precision 10V Reference 


LM129/LM329, 
6.9V Precision Voltage Reference. 
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LM 134 Series, 
Constant 
Current 
Source and Temperature 
Sensor. 


LM334S8, 
Constant 
Current 
Source and Temperature 
Sensor. 


LM 136-2. 5/LM336-2.5, 
2.5 Volt Reference 


LM 185-1. 2/LM385-1. 
2, Micropower 
Voltage Reference 


LM 185-2. 5/LM385-2. 
5, Micropower 
Voltage 
Reference 


LM385S8-1.2/LM385S8-2.5, 
MicropowerVoltage 
Reference. 


LM199/LM399/LM199A/LM399A, 
Precision 
Reference. 


LT580, Precision Reference. 


LT581, Precision Reference. 


REF-01 /REF-02, 
Precision 
Voltage References 
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PROPRIETARY 
PRODUCTS 


LTI 003, 5 Volt, 5Amp VoltageRegulator 


LTl005, Logic Controlled Regulator. 


LTl020, Micropower Regulator and Comparator. 


LTl020CS, Micropower Regulator and Comparator .. 


LTl033, 3A Negative Adjustable Regulator. 


LTl035, Logic Controlled Regulator 
. 


LTl036, Logic Controlled Regulator. 


LTl038, 
to Amp Positive Adjustable VoltageRegulator. 


LTt 083, 7.5A Low Dropout Positive Adjustable Regulator. 


LTl083-5, 
7.5A Low Dropout Positive Fixed 5V Regulator. 


LTI 083-t2, 
7.5A Low Dropout Positive Fixed t2V Regulator. 


LTI 084, 5A Low Dropout Positive Adjustable Regulator. 


LT1084-5, 5A Low Dropout Positive Fixed 5V Regulator 


LTl084-12, 
5A Low Dropout Positive Fixed 12VRegulator 
, . 


LTl085, 3A Low Dropout Positive Adjustable Regulator. 


LTl085-5, 3A Low Dropout Positive Fixed 5V Regulator 


LTI 085-12, 3A Low Dropout Positive Fixed 12VRegulator. 


LTl086, 
1. 5A Low Dropout Positive Adjustable Regulator . 


LT1086-5, 1.5A Low Dropout Positive Fixed 5V Regulator. 


LTl086-12, 
1.5A Low Dropout Positive Fixed 12VRegulator 
. 


LTI 087 Adjustable Low Dropout Regulator with Kelvin-Sense Inputs. 


LTl120, Micropower Regulator with Comparator and Shutdown 
. 


ENHANCED 
AND SECOND SOURCE PRODUCTS 


LM 117 /LM317, 
Positive Adjustable 
Regulator. 


LT117AILT317A, 
ImprovedLMl17. 
. 
. 


LM 117HV/LM317HV, 
High Voltage Positive Adjustable 
Regulator. 


LT117AHVILT3t7AHV, 
Improved LM117HV. 


LM 123/LM323, 
5 Volt, 3 Amp Regulator. 
. . . . . . . . . . . . . . . . . 
. 
. 


LTt23AILT323A, 
ImprovedLMI23 
. 


LM 137 /LM337, 
Negative 
Adjustable 
Regulator 


LTl37AILT337A,lmprovedLMI37. 
. 
. 


LM 137HV /LM337HV, 
High Voltage Negative Adjustable 
Regulator. 


LTI37AHVILT337AHV, 
ImprovedLMl37HV. 


LM 138/LM338, 
5 Amp Positive Adjustable 
Regulator 
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LT138AILT338A, Improved LM138. 


LM 150/LM350, 
3 Amp Positive Adjustable 
Regulator 
. 


LT/50AILT350A, 
Improved LM 150. 


4-169 


4-177 


4-177 
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PROPRIETARY 
PRODUCTS 


LTl026, VoltageConverter . 
. .......•............ 
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. 


LT1 001 CS8, Precision Op Amp 
. . 
. . . . . . . . . . . . . . . . . . . 
. 
. 


LT1004CS8-1.2, 
MicropowerVoltageReference 
. 
. 


LT1004CS8-2.5, 
MicropowerVoltageReference 
. 


LT1006S8, 
Precision Single Supply Op Amp. 
. . 
. . . . . . . . . . . . . . . . . 
. 
. 


LT1007CS, Low Noise, High Speed Precision OpAmp 
. . 
. 
. 


LT1009S8, 
2.5VoltReference............ 
. 
. 


LT1012S8, 
PicoamplnputCurrent, 
Microvolt Offset, Low NoiseOpAmp 
. 


LT1013DS8, Dual Precision Op Amp. 
. . . . . . . . . . . . 
. 
. 


LT1016CS8, 
Ultra Fast Precision Comparator 
. 
. 


LT1017CS, Micropower Dual Comparator. 
. . . . . . . . . . . . 
. . . . . . . . . 
. 
. 


LT1 018CS, Micropower 
Dual Comparator. 
. . . 
. 
. 


LT1020CS, 
MicropowerRegulatorandComparator................... 
. 
. 


LT1 021 DCS8, Precision Reference 
. 
. 


LT1028CS, Ultra-Low Noise Precision High SpeedOpAmp 
. 
. 


LT1030CS, Quad Low Power Line Driver. 
. . . 
. 
. 


LT1034CS8-1.2, 
Micropower 
Dual Reference. 
. . . . . . . . . 
. 
. 


LT1034CS8-2.5, 
MicropowerDual 
Reference... 
. 
. 


LT1037CS, Low Noise, High Speed Precision Op Amp. 
. . . . 
. 
. 


LT1054CS,SwitchedCapacitorVoltageConverterwithRegulator 
. 


LT10541S, Switched Capacitor Voltage Converter with Regulator 
. 


LT1055S8,Precision, 
HighSpeed,JFETlnputOpAmp.................. 
. 
. 


LT1056S8, 
Precision, High Speed, JFET InputOpAmp 
. . .. 
. . 
. . . . 
. 
. 


LT1057S, DualJFETlnputPrecisionHighSpeedOpAmp 
. 


LT10571S, Dual JFET Input Precision High Speed Op Amp 
. . . . . . . . 
. 
. 


LT1080CS, 5V Powered RS232 Driver/Receiver 
with Shutdown 
. 


LT1081 CS, 5V Powered RS232 Driver/Receiver 
with Shutdown 
. 


LTC1043CS, Dual Precision Instrumentation 
SWitched-Capacitor 
Building Block. 
. 
. 


LTC1044CS8, Switched Capacitor Voltage Converter 
. . . . . . . . . 
. 
. 


LTC1052CS, Chopper-Stabilized 
Op Amp (CSOATM) . . . . . . . . . . 
. 
. 


LTC1059CS, High Performance Switched Capacitor Universal Filter. 


LTC1060CS, Universal Dual Filter Building Block 
. 


LTC1061 CS, High Performance Triple Universal Filter Building Block. 
. . . . . . . . 
. 
. 


LTC1062CS, 5th Order Low Pass Filter. 
. . . . . . . . . 
. 
. 


OP-07CS8, Precision Op Amp 
. 
. 


SG3524S, Regulating Pulse Width Modulator 
. 
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GENERAL ORDERING 
U \K 
INFORMATION 
TECHNOLOGY------- 


I. 
ORDER ENTRY 


Orders for products 
contained 
herein should 
be directed 
to: LINEAR TECHNOLOGY 
CORPORATION, 


1630 McCarthy 
Boulevard, 
Milpitas, 
California 
95035. Phone: 408-432-1900. 


II. 
ORDERING INFORMATION 


Minimum 
order value is $2000.00 per order; minimum 
value per line item is $500.00. 


Each item must be ordered 
using the complete 
part number exactly 
as listed on the datasheet. 


F.O.B.: Milpitas, 
California. 


III. 
RELIABILITY PROGRAMS 


Linear Technology 
Corporation 
currently 
offers the following 
Reliability 
Programs: 


A. 
JAN QPL devices. 


B. 
DESC drawings. 
C_ 
MIL-STD-883, Level B, Revision C for all military 
temperature 
range devices. 


D. 
"R-Flow" 
Burn-In Program for commercial 
temperature 
range devices. 
Consult 
Factory 
regarding 
burn-in program. 


IV. 
PART NUMBER EXPLANATION 


XXX 
XXXX 
X 
X 
J/883B 
I 
Its,,,,",,, 
'"""-S'~"'."'~".,,,;,,'"c 


Package Style (see Cross Reference 
on Page 12-3) 


Temperature 
Range 
M for Military 
C for Commercial 
X for 200°C Extended 
Range" 


Designator 
LF, LM, OP, REF, and SG are second 
source devices 
LT are improved 
or proprietary 
devices 
LTC indicates 
proprietary 
CMOS devices 


Letter Designator 


D 
D8 
H 
J 
J8 
K 
N 
N8 
P 
S8 
S 
T 
V 
W 
Z 


Description 
14,16,18 
and 20 Pin Side Brazed Hermetic 
DIP 
8 Pin Side Brazed Hermetic 
DIP 
Multi Lead Metal Can 
14,16,18 
and 20 Pin Ceramic 
DIP 
8 Pin Ceramic 
DIP 
TO-3 Metal Can (Steel) 
14,16,18 
and 20 Pin Molded 
DIP 
8 Pin Molded 
DIP 
TO-3P Molded (3 lead) 
8 Lead Small Outline 
(SO) package 
(Note 1) 
16,18,20 
Pin Small Outline 
(SO) package 
(Note 1,2) 
TO-220 Molded (3 lead, 5 lead) 
11 Pin Molded SIP 
10 Pin Flatpack 
(Cerpak) 
TO-92 Molded (3 lead) 


Note 
1: Pin-out 
and electrical 
specifications 
may differ 
from standard 
commercial 
grade 
N8 package. 


See SO datasheet 
for specific 
information. 


Nole 2: These 
devices 
are delivered 
in either 
150 MIL (SO) or 300 MIL (50·L) 
wide packages 
depending 
on device 
die size. See specific 
SO datasheet 
for pin counts 
and package 
dimensions. 
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AMD 
FSC PIN 
LTC DIRECT REPL 
INTERSIL PIN 
LTC DIRECT REPL 
MOTOPIN 
LTC DIRECT REPL 


AMDPIN 
LTC DIRECT REPL 
"A108 
LM108 
LM111 
LM111 
MC1558 
LT1013M' 


LT1008M' 
LT111A' 
MC78T05 
LM323T 


AM685 
LT685 
"A108A 
LM108A 
LT1011M' 
LT323AT' 


AM686 
LT1016 
LT1008M' 
LM124 
LT1014M' 
OP27A 
OP27A 
LF155 
LF155 
"A111 
LM111 
LT1007AM' 


LT1055M' 
LT111A' 
MAXIM 
OP27B 
LT1007M' 


LF155A 
LF155A 
LT1011M' 
MAXIM PIN 
LTC DIRECT REPL 
OP27C 
OP27C 


LT1055AM' 
"A117 
LM117 
LT1007M 
LF156 
LF156 
LT117A' 
AD7820 
LTC1099' 
OP27E 
OP27E 
LT1056M' 
"A124 
LT1014M' 
ICL7650 
LTC1052" 
LT1007AC' 


LF156A 
LF156A 
"A148 
LT1014M' 
ICL7652 
LTC7652 
OP27F 
LT1007C' 
LT1056AM' 
"A308A 
LM308A 
ICL7660 
LTC1044" 
OP27G 
OP27G 


LF198 
LF198 
LT1008C" 
MAX232 
LT1081 , 
LT1007C' 
LF355A 
LF355A 
"A311 
LM311 
MAX235 
LT1130" 
OP37A 
OP37A 


LT1055AC' 
LT311A' 
MAX237 
LT1132" 
LT1037AM' 


LF356A 
LF356A 
LT1011C' 
MAX238 
LT1134" 
OP37B 
LT1037M' 
LT1056AC' 
"A317 
LM317 
MAX239 
LT1133" 
OP37C 
OP37C 


LF398 
LF398 
LT317A' 
MAX400 
LT1001 
LT1037M' 


LM108 
LM108 
"A318 
LM318 
MAX430 
LTC1050 
OP37E 
OP37E 


LT1008M' 
LT318A' 
MAX432 
LTC1050 
LT1037AC' 


LM108A 
LM108A 
"A714 
OP07 
MAX680 
LT1026" 
OP37F 
LT1037C' 


LT1008M' 
LT1001M' 
MF10 
LTC1060 
OP37G 
OP37G 
LM111 
LM111 
"A714C 
OP07C 
OP07 
OP07 
LT1037C' 


LT111A' 
LT1001C' 
OP27 
OP27 
SG1524 
SG1524 
LT1011M' 
"A714E 
OP07E 
LT1524' 
LM118 
LM118 
LT1001C' 
MOTOROLA 
SG1525A 
SG1525A 


LT118A' 
"A714L 
OP07D 
LT1525A' 


LM119 
LM119 
LT1001C' 
MOTO PIN 
LTC DIRECT REPL 
SG1527A 
SG1527A 


LT119A' 
"A1558M 
LT1013M' 
LT1527A' 
LM148 
LT1014' 
LF155 
LF155 
SG3524 
SG3524 
LM308A 
LM308A 
HARRIS 
LT1055M 
LT3524, 


LT1008C' 
LF155A 
LF155A 
SG3525A 
SG3525A 


LM311 
LM311 
HARRIS PIN 
LTC DIRECT REPL 
LT1055AM 
LT3525A' 


LT311A' 
LF156 
LF156 
SG3527A 
SG3527A 
LT1011C' 
HA2510 
LT118A" 
LT1056M 


LM118" 
LT3527A' 
LM318 
LM318 
LF156A 
LF156A 


LT318A' 
HA2512 
LT118A" 
LT1056AM 
NATIONAL SEMICONDUCTOR 


LM319 
LM319 
LM118A •• 
LF355A 
LF355A 
LT319A' 
HA2515 
LT318A •• 
LF356A 
LF356A 
NSC PIN 
LTC DIRECT REPL 


LM318" 
LM101A 
LM101A 


ANALOG DEVICES 
HA5130-2 
OP07A 
LM107 
LM107 
ADC032 
LTC1091 


LT1001AM' 
LM108 
LM108 
ADC0820 
LTC 1099 , 
AD PIN 
LTC DIRECT REPL 
HA5130-5 
OP07E 
LT1008M' 
LF155 
LF155 


AD101A 
LM101A 
LT1001C' 
LM108A 
LM108A 
LT1055M' 


HA5135-2 
OP07 
LT1008M' 
LF155A 
LF155A 
AD510J 
OP07E' 
LT1001M' 
LM111 
LM111 
LT1055AM' 
LT1001C' 
HA5135-5 
OP07C 
LT111A' 
LF156 
LF156 


AD510K 
LT1001AC' 
LT1001C' 
LT1011M' 
LT1056M' 
AD510L 
LT1001AC' 
HAOP07 
OP07 
LM117 
LM117 
LT1022M' 
AD510S 
OP07A' 
LT1001M' 
LT117A' 
LF156A 
LF156A 
LT1001AM' 
HAOP07A 
OP07A 
LM123 
LM123 
LT1056AM' 
AD517 
OP07" 
LT1001AM' 
LT123A' 
LT1022AM' 
LT1001" 
HAOP07C 
OP07C 
LT1003M' 
, 
LF198 
LF198 
AD518 
LM118" 
LT1001C' 
LM124 
LT1014M' 
LF198A 
LF198A 


LT118A" 
HAOP07E 
OP07E 
LM137 
LM137 
LF355A 
LF355A 
AD580 
LT580 
LT1001C' 
LT137A' 
LT1055AC' 
AD581 
LT581 
LT1033M" 
LF356A 
LF356A 
LT1031" 
INTERSIL 
LM148 
LT1014M' 
LT1056AC' 
AD589 
LT1034" 
LM150 
LM150 
LT1022AC' 
AD7820 
LTC10GG' 
INTERSIL PIN 
LTC DIRECT REPL 


LT150A' 
LF398 
LF398 
ADOP07 
OP07 
ICL232 
LT1081 
LM158 
LT1013M' 
LF398A 
LF398A 
LT1001M' 
ICL7650 
8-Pin LTC1050' 
LM308A 
LM308A 
LF412A 
LF412A 
ADOP07A 
OP07A 
ICL7652 
8-Pin LTC7652 
LT1008C' 
LHOOO2 
LT1010M" 
LT1001AM' 


ADOP07C 
OP07C 
ICL7660 
LTC1044' 
LM311 
LM311 
LHOO44 
LT1001M' 


LT1001C' 
ICL8069C 
LM385-1_2 
LT311A' 
LHOO70 
LHOO70 


ADOP07D 
opom 
LT1004C-1_2' 
LT1011C' 
LT1031M' 


LT1001C' 
ICL8069M 
LM185-1_2 
LM317 
LM317 
LH2108 
LH2108 


ADOP07E 
OP07E 
LT1004M-1_2' 
LT317A' 
LH2108A 
LH2108A 


LT1001C' 
LF155 
LF155 
LM323 
LM323 
LM10 
LM10 
LF155A 
LF155A 
LT323A' 
LM10B 
LM10B 
FAIRCHILD 
LF156 
LF156 
LT1003C" 
LM10C 
LM10C 
LF156A 
LF156A 
LM337 
LM337 
LM101A 
LM101A 


FSC PIN 
LTC DIRECT REPL 
LF355A 
LF355A 
LT337A' 
LM107 
LM107 


LF356A 
LF356A 
LT1033C" 
LM108 
LM108 
SH123 
LM123 
LH2108 
LH2108 
LM350 
LM350 
LT1008M' 


LT123A' 
LH2108A 
LH2108A 
LT350A' 
LM108A 
LM108A 


LT1003M" 
LM101A 
LM101A 
MC1400U2 
LT1019CN8-2_5' 
LT1008M' 


SH323 
LM323 
LM107 
LM107 
MC1400AU2 
LT1019CN8-2_5" 
LM111 
LM111 


LT323A' 
LM108 
LM108 
MC1400U5 
LT1019CN8-5' 
LT111A' 


LT1003M" 
LT1008M' 
MC1400AU5 
LT1019CN8-5" 
LT1011M' 


"A78H05C 
LT1003C" 
LM108A 
LM108A 
MC1400U10 
LT1019CN8-lO' 
LM112 
LT1012M' 


"A101A 
LM101A 
LT1008M' 
MC1400AU10 
LT1019CN8-10" 
LM113 
LT1004M-1_2' 


"A 107A 
LM107 
MC145406 
LT1039-16' 
LM117 
LM117 
LT117A' 


NSC PIN 
LTC DIRECT REPL 
NSCPIN 
LTC DIRECT REPL 
PMIPIN 
LTC DIRECT REPL 
PMIPIN 
LTC DIRECT REPL 


LM117HV 
LM117HV 
LM338 
LM338 
OP16G 
OP16G 
PM2108A 
LH2108A 
LT117AHV' 
LT338A' 
LT10S6C' 
REF01 
REF01 
LM118 
LM118 
LM3S0 
LM3S0 
OP27A 
OP27A 
LT1019M·10· 


LT118A' 
LT3S0A' 
LT1007AM" 
LT1021·10·· 


LM119 
LM119 
LM368·S.0 
LT1019AC·S· 
OP27B 
LT1007M' 
REF01A 
REF01A 
LT119A' 
LM368Y·S.O 
LT1019AC·S· 
OP27C 
OP27C 
LT1021·10·· 


LM123 
LM123 
LM368·10.0 
LT1019C·10· 
• 
LT1007M' 
REF01C 
REF01C 
LT123A' 
LM368Y·10.0 
LT1019C·10·· 
OP27E 
OP27E 
LT1019C·10· 


LT1003M' 
LM38S·1.2 
LM38S·1.2 
LT1007AC' 
LT1021·10" 
LM124 
LT1014M' 
LT1004C·1.2· 
OP27F 
LT1007C' 
REF01E 
REF01E 
LM129A 
LM129A 
LM38S·2.S 
LM38S·2.S 
OP27G 
OP27G 
LT1021·10" 


LM129B 
LM129B 
LT1 004C·2.S· 
LT1007C' 
REF01H 
REF01H 
LM129C 
LM129C 
LM38SBX·1.2 
LT1 034BC·1.2· 
OP37A 
OP37A 
LT1019C·10· 


LM133 
LT1033M' 
LM38SBY·1.2 
LT1034C·1.2· 
LT1037AM" 
LT1021·10·' 
LM134 
LM134 
LM38SBX·2.S 
LT1 034BC·2.S· 
OP37B 
OP37A 
REF02 
REF02 
LM134·3 
LM134·3 
LM38SBY·2.S 
LT1 034C·2.S· 
LT1037M' 
LT1019M·S' 
LM134·6 
LM134·6 
LM396 
LT1038C" 
OP37C 
OP37C 
LT1021·S" 


LM136A 
LM136A 
LM399 
LM399 
LT1037M' 
REF02A 
REF02A 
LT1009M' 
LM399A 
LM399A 
OP37E 
OP37E 
LT1021·S" 


LM136·2.S 
LM136·2.S 
LM399A·20 
LM399A·20 
LT1037AC' 
REF02C 
REF02C 
LT1009M' 
LM399A·SO 
LM399A·SO 
OP37F 
OP37E 
LT1019C·S' 


LM136·S 
LT1029M" 
LM1S24 
SG1S24 
LT1037C' 
LT1021·S" 


LM137 
LM137 
LT1S24' 
OP37G 
OP37G 
REF02D 
LT1019C·S· 


LT137A 
LM293S 
LT100S" 
LT1037C' 
LT1021·S" 


LT1033M" 
LM3S24 
SG3S24 
OP77A 
LT1001AM" 
REF02E 
REF02E 
LM137HV 
LM137HV 
LT3S24' 
OP77B 
LT1001M" 
LT1021·S" 


LT137AHV' 
MFS 
LTC10S9' 
OP77E 
LT1001AC" 
REF02H 
REF02H 
LM138 
LM138 
MF10 
LTC1060' 
OP77F 
LT1001C" 
LT1019C·S' 


LT138A' 


PMI 
OP77G 
LT1001C" 
LT1021·S" 


LM148 
LT1014M" 
OP207A 
LT1002M' 
REF03 
LT1019·2.S 
LM1S0 
LM1S0 
PMIPIN 
LTC DIRECT REPL 
OP207B 
LT1002M' 
LT1S0A' 
OP207E 
LT1002C' 
RAYTHEON 
LM1S8 
LT1013M' 
CMP01 
LT1011" 
OP207F 
LT1002C' 
RAYTH PIN 
LTC DIRECT REPL 
LM168BY·S.O 
LT1019M·S" 
CMP02 
LT1011" 
OP21SA 
OP21SA 
LM168BY·10.0 
LT1019M·10" 
OP04 
LT1013' 
LT10S7AM' 
LM101A 
LM101A 
LM18S·1.2 
LM18S·1.2 
OPOS 
OPOS 
OP21SB 
OP21SA' 
LM107 
LM107 
LT1004M·1.2' 
LT1001M' 
LT10S7AM' 
LM111 
LM111 
LM18S·2.5 
LM18S·2.S 
OPOSA 
OPOSA 
OP21SC 
OP21SC 
LT111A' 
LT1004M·2.S' 
LT1001M' 
LT10S7M' 
LT1011M' 
LM18SBX·1.2 
LT1034BM·1.2' 
OPOSC 
OPOSC 
OP21SE 
OP21SE 
LM124 
LT1014M' 
LM18SBY·1.2 
LT1034M·1.2· 
LT1001C' 
LT10S7C' 
LM148 
LM1014M' 
LM18SBX·2.S 
LT1034BM·2.S· 
OPOSE 
OP05E 
OP21SF 
OP215E' 
LM311 
LM311 
LM185BY·2.5 
LT1034M·2.S· 
LT1001C' 
LT1057C' 
LT311A' 
LM196 
LT1038M" 
OP07 
OP07 
OP215G 
OP21SG 
LT1011C' 
LM199 
LM199 
LT1001M' 
LT10S7C' 
OP05 
OP05 
LM199A 
LM199A 
OP07A 
OP07A 
OP220 
LT1078' 
LT1001M' 
LM199A·20 
LM199A·20 
LT1001AM' 
OP221 
LT1013' 
OP05A 
OP05A 
LM234·3 
LM234·3 
OP07C 
OP07C 
OP227A 
OP227A 
LT1001AM' 
LM234·6 
LM234·6 
LT1001C' 
OP227B 
OP227A 
OP05C 
OP05C 
LM308A 
LM308A 
OP07E 
OP07E 
OP227C 
OP227C 
LT1001C' 
LT1008C' 
LT1001C' 
OP227E 
OP227E 
OP05E 
OP05E 
LM311 
LM311 
OP10 
LT1002M' 
OP227F 
OP227E 
LT1001C' 
LT311A' 
OP10A 
LT1002AM' 
OP227G 
OP227G 
OP07 
OP07 
LT1011C' 
OP10C 
LT1002C' 
OP290 
LT1078" 
LT1001M' 
LM317 
LM317 
OP10E 
LT1002C 
OP400A 
LT1014AM" 
OP07A 
OP07A 
LT317A' 
OP11 
LT1014' 
OP400E 
LT1014AC" 
LT1001AM' 
LM317HV 
LM317HV 
OP12A 
LT1012M' 
OP400F 
LT1014AC" 
OP07C 
OP07C 
LT317AHV' 
OP12B 
LT1012M' 
OP420 
LT1079' 
LT1001C' 
LM318 
LM318 
OP12C 
LT1012M' 
OP421 
LT1014' 
OP07E 
OP07E 
LT318A' 
OP12E 
LT1012C' 
OP490 
LT1079" 
LT1001C' 
LM319 
LM319 
OP12F 
LT1012C' 
PM108 
LM108 
OP27A 
OP27A 
LT319A' 
OP12G 
LT1012C' 
LT1008M' 
LT1007AM' 
LM323 
LM323 
OP15A 
OP15A 
PM108A 
LM108A 
OP27B 
OP27A 
LT323A' 
LT1055AM' 
LT1008M' 
LT1007M 
LT1003C' 
, 
OP1SB 
OP15B 
PM155 
LF155 
OP27C 
OP27C 
LM329A 
LM329A 
LT105SM 
LT1055M' 
LT1007M' 
LM329B 
LM329B 
OP15C 
OP15C 
PM155A 
LF1SSA 
OP27E 
OP27E 
LM329C 
LM329C 
LT1055M' 
LT10SSM' 
LT1007AC' 
LM329D 
LM329D 
OP15E 
OP15E 
PM1S6 
LF156 
OP27F 
OP27F 
LM333 
LT1033C' 
LT1055AC' 
LT10S6M' 
LT1007C' 
LM333A 
LT1033C 
OP15F 
OP1 T1055C' 
PM156A 
LF1S6A 
OP27G 
OP27G 
LM334 
LM334 
OP15G 
OP15G 
LT10S6M' 
LT1007C' 
LM336·2.5 
LM336 
LT1055C' 
PM308A 
LM308A 
OP37A 
OP37A 
LT1009C' 
OP16A 
OP16A 
LT1008C' 
LT1037AM' 
LM336B·2.5 
LM336B 
LT1056AM' 
PM355A 
LF3SSA 
OP37B 
OP37A 
LT1009C' 
OP16B 
OP16B 
LT1055C' 
LT1037M 
LM336·5 
LT1029C' 
LT10S6M' 
PM356A 
LF356A 
OP37C 
OP37C 
LM337 
LM337 
OP16C 
OP16C 
LT1056C' 
LT1037M' 
LT337A' 
LT10S6M" 
PM1008 
LT1008 
OP37E 
OP37E 
LT1033C' 
OP16E 
OP16E 
PM1012 
LT1012 
LT1037AC' 
LM337HV 
LM337HV 
LT1056AC' 
PM1558 
LT1013M' 
OP37F 
OP37E 
LT337AHV' 
OP16F 
OP16F 
PM2108 
LH2108 
LT1037C' 


LT1056C' 


RAYTH PIN 
LTC DIRECT REPL 
SILGEN 
PIN 
LTC DIRECT REPL 
TIPIN 
LTC DIRECT REPL 


OP37G 
OP37G 
SG1526 
LT1526 
OP27B 
LT1007M' 
LT1037C' 
SG1527A 
SG1527A 
OP27C 
OP27C 
RC714CH 
OP07C 
LT1527A' 
LT1007M 
LT1001C' 
SG1558 
LT1013M' 
OP27E 
OP27E 
RC714EH 
OP07E 
SG3524 
SG3524 
LT1007AC' 
LT1001C' 
LT3524' 
OP27F 
LT1007C' 
RM714H 
OP07 
SG3525A 
SG3525A 
OP27G 
OP27G 
LT1001M' 
LT3525A' 
LT1007C' 
RM1558 
LT1013M' 
SG3526 
LT3526 
OP37A 
OP37A 


SIGNETICS 
SG3527A 
SG3527A' 
LT1037AM' 
LT3527A' 
OP37B 
LT1037M' 


SIGNETICS 
PIN LTC DIRECT REPL 
TELEDYNE 
SEMICONDUCTOR 
OP37C 
OP37C 
LT1037M' 
LF398 
LF398 
TSC PIN 
LTC DIRECT REPL 
OP37E 
OP37E 
LF398A 
LF398A 
LT1037AC' 
LM101A 
LM101A 
TSC04 
LM385·1.2 
OP37F 
LT1037C' 
LM111 
LM111 
TSC05 
LM385·2.5 
OP37G 
OP37G 
LT111A' 
TSC232 
LT1080" 
LT1037C' 
LT1011M' 
LT1081" 
SG1524 
SG1524 
LM119 
LM119 
TSC911 
LTC1050 
LT1524' 
LT119A' 
TSC913 
LT1078" 
SG1525A 
SG1525A 
LM124 
LT1014M' 
TSC914 
LT1079" 
LT1525A' 
LM158 
LT1013M' 
TSC918 
LTC7652" 
SG3524 
SG3524 
LM311 
LM311 
TSC7650 
LTC1050 
LT3524' 
LT311A' 
TSC7652 
LTC7652 
SG3525A 
SG3525A 
LT1011C' 
LTC1052 
LT3525A' 
MC1558 
LT1013M' 
TSC7660 
LTC1044' 
UNITRODE 
NE1037 
LT1037 
TSC9491 
LM385·1.2 
NE5534 
OP37' 
LT1 004C·1.2 
UNITRODE 
PIN LTC DIRECT REPL 
LT1037' 
TSC9495 
REF02 
NE5534A 
OP37' 
LT1019M·5 
UC117 
LM117 
LT1037' 
LT1021·5" 
LT117A' 
SE5534 
OP37' 
TSC9496 
REF01E 
UC137 
LM137 
LT1037' 
LT1021-10" 
LT137A' 
SE5534A 
OP37' 
TEXAS INSTRUMENTS 
LT1033M" 
LT1037' 
UC150 
LM150 
SG3524 
SG3524 
TIP/N 
LTC DIRECT REPL 
LT150A' 
LT3524, 
UC317 
LM317 


SILICON GENERAL 
LM101A 
LM101A 
LT317A' 
LM107 
LM107 
UC337 
LM337 


SILGEN 
PIN 
LTC DIRECT REPL 
LM108A 
LM108A 
LT337A' 
LM111 
LM111 
LT1033C" 
SG101A 
LM101A 
LT111A' 
UC350 
LM350 
SG108 
LM108 
LT1011M' 
LT350A' 
LT1008M' 
LM124 
LT1014M' 
UC1524 
SG1524 
SG108A 
LM108A 
LM148 
LT1014M' 
LT1524' 
LT1008M' 
LM158 
LT1013M' 
UC1525A 
SG1525A 
SG111 
LM111 
LM185-2.5 
LM185·2.5 
LT1525A' 
LT111A 
LM311 
LM311 
UC1527A 
SG1527A 
LT1011M' 
LT311A' 
LT1527A' 


SG117 
LM117 
LT1011C' 
UC1846 
LT1846 
SG117A 
LT117A 
LM317KC 
LM317T 
UC1847 
LT1847 
SG123 
LM123 
LM317AT' 
UC3524 
SG3524 
SG123A 
LT123A 
LM318 
LM318 
LT3524' 
LT1003M" 
LT318A' 
UC3525A 
SG3525A 
SG124 
LT1014M' 
LM323 
LM323 
LT3525A' 
SG137 
LM137 
LT323A' 
UC3527A 
SG3527A 
SG137A 
LT137A 
LM350 
LM350 
LT3527A' 
LT1033M" 
LT350A' 
UC3846 
LT3846 
SG138 
LM138 
LT1004 
LT1004 
UC3847 
LT3847 
SG138A 
LT138A 
LT1007 
LT1007 
SG150 
LM150 
LT1008 
LT1008 
SG150A 
LT150A 
LT1009 
LT1009 
SG311 
LM311 
LT1011 
LT1011 
LT311A' 
LT1013 
LT1013 
LT1011C' 
LT1016 
LT1016 
SG317 
LM317 
LT1028 
LT1028 
SG317A 
LT317A 
LT1037 
LT1037 
SG323 
LM323 
LT1070 
LT1070 
SG323A 
LT323A 
LTC1044 
LTC1044 
LT1003C" 
LTC1052 
LTC1052 
SG337 
LM337 
MC1558 
LT1013M' 
SG337A 
LT337A 
OP071714C 
OP07C 
LT1033C" 
LT1001C' 
SG338 
LM338 
OP071714D 
OP07D 
SG338A 
LT338A 
LT1001C' 
SG350 
LM350 
OP071714E 
OP07E 
SG350A 
LT350A 
LT1001C' 
SG1524 
SG1524 
OP27A 
OP27A 
LT1524' 
LT1007AM' 
SG1525A 
SG1525A 
LT1525A' 
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PROPRIETARY PRODUCTS 


LTIOOI, PrecisionOpAmp 
. 


LTIOOICS8, PrecisionOpAmp 
. 


LTI 002, Dual, Matched Precision OpAmp 


LTl006, Precision, Single Supply OpAmp .. 


LTI006S8, 
Precision, Single Supply OpAmp . 


LTl007, Low Noise, High Speed Precision OpAmp. 


LTl007CSILTI037CS, 
Low Noise, High Speed Precision OpAmps. 
. 
. 


LTI008, PicoamplnputCurrent, 
MicrovoltOffset, 
LowNoiseOpAmp 
.. 
. 
. 


LTlOIO,Fast 
± 150mA Power Buffer. 
. . . . . . .. . . . . . . . . 
. 
. 


LTIOI2, 
PicoamplnputCurrent, 
MicrovoltOffset, 
Low Noise OpAmp 
........................................•.. 


LTIOI2S8, 
Picoamp Input Current, Microvolt Offset, Low Noise OpAmp. 


LTlOI3, 
DualPrecisionOpAmp. 


LTlOI3DS8, 
DuaIPrecisionOpAmp........................ 
. ......•.... 


LTIOI4, 
QuadPrecision OpAmp . 


LTI022, High Speed, Precision JFETlnput OpAmp . 


LTI024, Dual, Matched Picoampere, Microvoltlnput, 
Low Noise OpAmp 


LTI028, Ultra-Low Noise Precision High Speed DpAmp 
. 


LTl028CS, Ultra-Low Noise Precision High Speed OpAmp . 


LTl037, Low Noise, High Speed Precision OpAmp 
. 


LTCI049, Low Power Chopper Stabilized OpAmp with Internal Capacitors 
...•....... 


LTCI050, Precision Chopper Stabilized OpAmp with Internal Capacitors 
. 


LTCI 051, Dual Precision Chopper Stabilized OpAmp with Internal Capacitors 


LTCI052, Chopper Stabilized OpAmp . 


LTCI052CS, Chopper Stabilized OpAmp (CSOA™) . 


LTI055, Precision, High Speed, JFETInput OpAmp 
. 


LTI056, Precision, High Speed, JFETlnput OpAmp . 


LTI 055S81LTI 056S8, Precision, High Speed, JFET Input OpAmps. 


LTl057, 
OualJFET Input Precision, HighSpeedOpAmp. 


LTl057SILT10571S, 
DualJFETInputPrecision, 
HighSpeedOpAmp 
. 


LTI058, QuadJFETInputPrecision, 
HighSpeedOpAmp 
. 


LTIOn, 
Micropower, Single Supply, PrecisionOpAmp 
. 


LTI078, Micropower. Dual, Single Supply, PrecisionOpAmp 
. 


LTI079, Micropower. Quad, Single Supply, Precision OpAmp 
. 


LTCI100, Precision, Single Supply, Instrumentation Amplifier (Fixed Gain= 100) 
. 


LTIIOI, 
Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain= 10or 100) 


LTII02, 
High Speed, Precision, JFET Inputlnstrumentation 
Amplifier (Fixed Gain= 10or 100) . 


LTC1150, ± 15V Chopper Stabilized OpAmp with Internal Capacitor. 


LTl178, 17Jl.AMax, Dual Single Supply, Precision OpAmp 
. 


LT1179, 17Jl.AMax, Quad Single Supply, Precision OpAmp 
. 


2-11 


2-23 


2-25 


2-41 


2-53 


2-57 


2-69 


2-73 


2-85 


2-105 


2-117 


2-121 


2-141 


2-121 


2-145 


2-153 


2-161 


2-177 


2-57 


13-10 


2-181 


13-13 


2-197 


2-217 


2-219 


2-219 


2-231 


2-235 


2-247 


2-235 


13-27 


2-251 


2-251 


13-35 


13-36 


13-48 


13-49 


2-267 


2-267 


ENHANCEDAND SECONDSOURCEPRODUCTS 


LF155/LF355.JFETlnputOpAmp. 
Low Supply Current. .. 
. ..........................•...... 


LF155A/LF355A. 
JFET Input OpAmp. Low Supply Current 
.......•...•..................... 


LF156/LF356. 
JFETlnput OpAmp. High Speed 
. 


LF156A/LF356A. 
JFET InputOpAmp. 
High Speed. 


LF412A. Dual PrecisionJFET InputOpAmp 
. 


LH2108A. Dual LM1080pAmp 
. 
. 
. 


LM10/B(L)/C(L). 
Low PowerOpAmpand 
Reference 
. 


LM 101A/LM301A. 
Uncompensated General Purpose OpAmp 


LM107/LM307. 
Compensated General PurposeOpAmp 
.........•. 


LM108/LM308. 
SuperGainOpAmp 
. 


LM108A/LM308A. 
SuperGainOpAmp 
.. 


LM118/LM318. 
High Slew RateOpAmp 
. 


LM318S8. High Speed OpAmp 
. 


LTl18AILT318A.lmprovedLMl180pAmp 


LTC7652. Chopper-Stabilized OpAmp . 


OP-05. OP-05A. OP-05C. OP-05E.lnternally 
Compensated OpAmp. 


OP-07. OP-07A. OP-07C. OP-07E. Precision OpAmp 
. 


OP-07CS8. Precision OpAmp 
. 


OP-15A. OP-15B. OP-15C. OP-15E. OP-15F. OP-15G. Precision. High SpeedJFET InputOpAmp 
. 


OP-16A. OP-16B. OP-16C. OP-16E. OP-16F. OP-16G. Precision. High Speed JFET InputOpAmp 


OP-27A. OP-27C. OP-27E. OP-27G. Low Noise. Precision OpAmp 
. 


OP-37A. OP-37C. OP-37E. OP-37G. Low Noise. High Speed Op Amp 
. 


OP-215. Dual PrecisionJFET Input OpAmp 


OP-227A. OP-227C. OP-227E. OP-227G. Dual Matched. Low Noise OpAmp 
. 
. 


OP-237A. OP-237C. OP-237E. OP-237G. Dual High Speed. Low Noise OpAmp 
..........•. 


2-271 


2-271 


2-271 


2-271 


2-275 


2-279 


2-281 


2-297 


2-297 


2-303 


2-303 


2-311 


2-319 


2-311 


2-197 


2-321 


2-329 


2-337 


2-341 


2-341 


2-345 


2-345 


2-275 


2-357 


2-357 


Ell 
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ELECTRICAL CHARACTERISTICS 


Vas 
TC 
18 
AvoL 
SLEW RATE 
NOISE 
MAX 
Vas 
MAX 
MIN 
MIN 
MAX 10Hz 
PACKAGES 


PART NUMBER 
l/tV) 
l/tV/'C) 
(nA) 
(V/mV) 
(V/ps) 
(nV/v'Hz) 
AVAILABLE 
IMPORTANT FEATURES 


SINGLE 


LT1001AM 
15 
0.6 
2.0 
450 
0.15 
18 
H,J8 
Extremely 
Low Offset Voltage 


LT1001M 
60 
1.0 
3.8 
400 
0.15 
18 
H,J8 
Low Noise, Low Drift 


LT1006AM 
50 
1.3 
15 
1000 
0.25 
24t 
H,J8 
Single Supply Operation, 
Fully 


LT1006M 
80 
1.8 
25 
700 
0.25 
24t 
H,J8 
Specified 
for + 5V Supply 


LT1007AM 
25 
0.6 
35 
7000 
1.7 
4.5 
H,J8 
Extremely 
Low Noise, Low 


LT1007M 
60 
1.0 
55 
5000 
1.7 
4.5 
H,J8 
Drift 


LT1008M 
120 
1.5 
0.1 
200 
0.1 
30 
H 
Low Bias Current, Low Power 


LT1010M 
90mV 
0.6mV/'Ct 
150pA 
0.995 
75 
90t 
H,K 
High Speed Buffer, Drives 
± lOV into 750. 


LT1012M 
35 
1.5 
0.1 
200 
0.1 
30 
H 
Low Vas, Low Power 


LT1022AM 
250 
5.0 
0.05 
150 
23 
50 
H 
Very High Speed JFET Input 


LT1022M 
600 
9.0 
0.05 
120 
18 
60 
H 
Op Amp with Very Good DC 
Specs. 


LT1028AM 
40 
0.8 
90 
7000 
11 
1.7 
H,J8 
Lowest Noise, High Speed, 


LT1028M 
80 
1.0 
180 
5000 
11 
1.9 
H,J8 
Low Drift 


LT1037AM 
25 
0.6 
35 
7000 
11 
4.5 
H,J8 
Extremely 
Low Noise, High 


LT1037M 
60 
1.0 
55 
5000 
11 
4.5 
H,J8 
Speed 


LT1055AM 
150 
4 
0.05 
150 
10 
50 
H 
Lowest Offset, JFET Input 


LT1055M 
400 
8 
0.05 
120 
7.5 
60 
H 
Op Amp Combines 
High 


LT1056AM 
180 
4 
0.05 
150 
12 
50 
H 
Speed and Precision 


LT1056M 
450 
8 
0.05 
120 
9 
60 
H 


LT1077AM 
40 
0.4 
9 
250 
0.12 
40 
H,J8 
Micropower, 
Single Supply, 


LT1077M 
60 
0.4 
11 
200 
0.12 
29t 
H,J8 
Precision, 
Low Noise 


LTC1050AM 
5 
0.05 
0.035 
3162 
4t 
0.6.Vp·p" 
H,J8 
No External Caps Required, 


LTC1050M 
5 
0.05 
0.050 
1000 
4t 
0.6.Vp·p" 
H,J8 
Chopper Stabilized 


LTC1052M 
5 
0.05 
0.03 
1000 
3t 
0.5.Vp·p" 
H,J,J8 
Chopper Stabilized 
Low Noise 


LF155A 
2000 
5 
0.05 
75 
5 
25t- 
H 
JFET Inputs, Low I Bias, No 


LF155 
3500 
15 
0.10 
50 
5 
25t- 
H 
Phase Reversal, Guaranteed 


LF156A 
2000 
5 
0.05 
75 
10 
15t- 
H 
TC Vas on all Grades 


LF156 
3500 
15 
0.10 
50 
9 
15t- 
H 


LM10 
2000 
2t 
20 
120 
50t 
H,J8 
On·Chip Reference Operates 
with + 1.2V Sinale Batterv 


LM101A 
2000 
15 
75 
25 
0.3 
28t 
H,J8 
Uncompensated 
Gen. Puro. 


LM107 
2000 
15 
75 
25 
0.3 
28t 
H,J8 
Compensated 
Gen. Purp. 


LM108A 
500 
5 
2 
40 
0.1 
30t 
H 
Low Bias Current, Low 


LM108 
2000 
15 
3 
25 
0.1 
30t 
H 
Supply Current 


LMl18 
4000 
250 
25 
50 
42t 
H 
Hiah Speed, 15MHz 


LT118A 
1000 
250 
200 
50 
42t 
H,J8 
Hiah Soeed, 15MHz 


Op·05A 
150 
0.9 
2 
300 
0.1 
18 
H,J8 
Low Noise, Low Offset Drift 


OP·05 
500 
2.0 
3 
200 
0.1 
18 
H,J8 
with Time 


OP·07A 
25 
0.6 
2 
300 
0.1 
18 
H,J8 
Low Initial Offset, Low Noise, 


OP·07 
75 
1.3 
3 
200 
0.1 
18 
H,J8 
Low Drift 


Op·15A 
500 
5 
0.05 
100 
10 
20t- 
H 
Precision JFET Input, Low I 


Op·15B 
1000 
10 
0.1 
75 
7.5 
20t- 
H 
Bias, No Phase Reversal 


OP·15C 
3000 
15 
0.2 
50 
5 
20t- 
H 


OP·16A 
500 
5 
0.5 
100 
18 
20t- 
H 
Precision JFET Input, High 
Op·16B 
1000 
10 
0.1 
75 
12 
20t- 
H 
Speed, No Phase Reversal 


OP·16C 
3000 
15 
0.2 
50 
9 
20t- 
H 
Op·27A 
25 
0.6 
40 
1000 
1.7 
5.5 
H,J8 
Very Low Noise, Unity Gain 


OP·27C 
100 
1.8 
80 
700 
1.7 
8.0 
H,J8 
Stable 


OP·37A 
25 
0.6 
40 
1000 
11 
5.5 
H,J8 
Very Low Noise, Stable for 
OP-37C 
100 
1.8 
80 
700 
11 
8.0 
H,J8 
Gains~5 


ELECTRICAL CHARACTERISTICS 


Vos 
TC 
Ie 
AvoL 
SLEW RATE 
NOISE 


MAX 
Vos 
MAX 
MIN 
MIN 
MAX 10Hz 
PACKAGES 


PART NUMBER 
(PY) 
(PV/'C) 
(nA) 
(V/mY) 
(V/~s) 
(nV/~z) 
AVAILABLE 
IMPORTANT FEATURES 


DUAL 


LT1oo2AM 
60 
0.9 
3.0 
400 
0.15 
20 
J 
Dual, Matched 
LTloo1 High 


LTloo2M 
100 
1.3 
4.5 
350 
0.15 
20 
J 
CMRR, PSRR Matching 


LT1013AM 
150 
2.0 
20 
1500 
0.2 
24t 
H,J8 
Precision 
Dual Op Amp in 


LT1013M 
300 
2.5 
30 
1200 
0.2 
24t 
H,J8 
8·Pin Package 


LT1024AM 
50 
1.5 
0.12 
250 
0.1 
33 
D 
Low Vos, Low Power, 


LT1024M 
100 
2.0 
0.20 
180 
0.1 
33 
D 
Matching 
Specs 


LT1057AM 
450 
7 
0.05 
150 
10 
75 
H,J8 
Low Offset, JFET Input 


LT1057M 
800 
12 
0.075 
100 
8 
80 
H,J8 
Multiple 
Op Amps Combine 


High Speed and Excellent 
DC 
Soecs 


LT1078AM 
70 
2.0 
0.25 
250 
0.07t 
40 
H,J8 
Micropower, 
Precision, 
Single 


LT1078M 
120 
2.5 
0.35 
200 
0.07t 
29t 
H,J8 
Supply, Low Noise Dual 


LT1178AM 
70 
2.2 
5 
140 
0.013 
75 
H J8 
17~A Max, Single Supply, 


LT1178M 
120 
3.0 
6 
110 
0.013 
50t 
J N 
Precision 
Dual 


LF412AM 
1000 
10 
0.1 
100 
10 
20t- 
H,J8 
High Performance 
Dual JFET 
Input OpAmo 


LH2108A 
500 
5.0 
2 
40 
0.1 
30t 
D 
Dual, Low Bias Current, Side 


LH210B 
2000 
15.0 
2 
25 
0.1 
30t 
D 
Brazed Package 


Op·215A 
1000 
10 
0.1 
150 
10 
20t- 
H J8 
High Performance 
Dual JFET 


OP·215C 
3000 
20 
0.2 
50 
8 
20t- 
H,J8 
Input OpAmp 


Op·227A 
80 
1.0 
40 
3000 
1.7 
6 
J 
Dual Matched OP·27 


OP·227C 
180 
1.8 
80 
2000 
1.7 
9 
J 


OP·237A 
80 
1.0 
40 
3000 
10 
6 
J 
Dual Matched OP·37 


OP·237C 
180 
1.8 
80 
2000 
10 
9 
J 


QUAD 


LT1014AM 
180 
2.0 
20 
1500 
0.2 
24t 
J 
Precision Quad Op Amp 


LT1014M 
300 
2.5 
30 
1200 
0.2 
24t 
J 
in 14·Pin Package 


LT1058AM 
600 
10 
0.05 
150 
10 
75 
J 
Low Offset JFET Input 


LT1058M 
1000 
15 
0.075 
100 
8 
80 
J 
Multiple 
Op Amps Combine 
High Speed and Excellent 
DC 
Soecs 


LT1079AM 
120 
2.0 
0.25 
250 
0.07t 
40 
J 
Micropower, 
Precision, 
Single 


LT1079M 
150 
2.5 
0.35 
200 
0.07t 
29t 
J 
Supply, Low Noise Quad 


LT1179AM 
100 
2.2 
3 
140 
0.013 
75 
J 
17~ 
Max, Single Supply, 


LT1179M 
150 
3.0 
6 
110 
0.013 
50t 
J 
Precision 
Quad 


t Typical Spec 


- 100Hz Noise 


- - DC to 1Hz Noise 


ELECTRICAL CHARACTERISTICS 


Vos 
TC 
Ie 
AvoL 
SLEW RATE 
NOISE 
MAX 
Vos 
MAX 
MIN 
MIN 
MAX 10Hz 
PACKAGES 
PART NUMBER 
(PV) 
(PV/'C) 
(nA) 
(V/mY) 
(V/~s) 
(nV/~zl 
AVAILABLE 
IMPORTANT FEATURES 


SINGLE 


LTloolAC 
25 
0.6 
20 
450 
0.15 
18 
H,J8,N8 
Extremely 
Low Offset Voltage 
LT1001C 
60 
1.0 
3.8 
400 
0.15 
18 
H, J8, N8, S8 
Low Noise, Low Drift 


LT1006AC 
50 
1.3 
15 
1000 
0.25 
24t 
H, J8 
Single Supply Operation, 
Fully 


LT1006C 
80 
1.8 
25 
700 
0.25 
24t 
H,J8, N8 
Specified 
for + 5V Supply 


LT1oo6S8 
400 
3.5 
25 
700 
025 
25 
sa 
LT1oo7AC 
25 
0.6 
35 
7000 
1.7 
4.5 
H,J8 
N8 
Extremely 
Low Noise, Low 
LTloo7C 
60 
1.0 
55 
5000 
1.7 
4.5 
H J8 N8 S 
Drift 


LT100sC 
120 
1.5 
0.1 
200 
0.1 
30 
H,N8 
Low Bias Current, Low Power 


Ell 


ELECTRICAL 
CHARACTERISTICS 


Vos 
TC 
Ie 
AvoL 
SLEW RATE 
NOISE 
MAX 
Vos 
MAX 
MIN 
MIN 
MAX 10Hz 
PACKAGES 
PART NUMBER 
(PY) 
(PV/'C) 
(nA) 
(V/mY) 
(V/ps) 
(nV/.JHz) 
AVAILABLE 
IMPORTANT FEATURES 


SINGLE 


LT1010C 
100mV 
0.6mV/·Ct 
250pA 
0.995 
75 
oot 
H,K,T 
High Speed Buffer, Drives 
+ 10V into 750. 


LT1012A 
25 
0.6 
100 
300 
0.1 
30 
H, N8 
Low Vos, Low Power 


LT1012C 
50 
1.5 
0.15 
200 
0.1 
30 
H, N8 


LT1012D 
60 
1.7 
150 
200 
0.1 
30 
H N8 


LT1012sa 
120 
1.8 
0.28 
200 
0.1 
30 
sa 


LT1022AC 
250 
5.0 
0.05 
150 
23 
50 
H 
Very High Speed JFET Input 


LT1022CH 
600 
9.0 
0.05 
120 
18 
60 
H 
Op Amp with Very Good DC 


LT1022CN8 
1000 
15.0 
0.05 
100 
18 
60 
N8 
Specs 


LT1028AC 
40 
0.8 
90 
7000 
11 
1.7 
H,J8, N8 
Lowest Noise, High Speed, 


LT1028C 
80 
1.0 
180 
5000 
11 
1.9 
H, J8, N8,S 
Low Drift 


LT1037AC 
25 
0.6 
35 
7000 
11 
4.5 
H,J8, N8 
Extremely 
Low Noise, High 


LT1037C 
60 
1.0 
55 
5000 
11 
4.5 
H, J8, N8,S 
Speed 


LT1055AC 
150 
4 
0.05 
150 
10 
50 
H 
Lowest Offset, JFET Input 


m055C 
400 
8 
0.05 
120 
7.5 
60 
H 
Op Amp Combines 
High 


LT1055CN8 
700 
12 
0.05 
120 
7.5 
60 
N8 
Speed and Precision 


LT1055S8 
1500 
15 
0.1 
120 
7.5 
70 
S8 


LT1056AC 
180 
4 
0.05 
150 
12 
50 
H 


m056C 
450 
8 
0.05 
120 
9 
60 
H 


LT1056CN8 
800 
12 
0.05 
120 
9 
60 
N8 


LT1056S8 
1500 
15 
0.1 
120 
9.0 
70 
S8 


LT1077AC 
40 
0.4 
9 
250 
0.12 
40 
H,J8, N8,S8 
Micropower, 
Single Suppiy, 


LT1077C 
60 
0.4 
11 
200 
0.12 
29t 
H J8, N8,sa 
Precision, 
Low Noise 


LTC1050AC 
5 
0.05 
0.035 
3162 
4t 
0.6.Vo·o- 
- 
H,J8, N8 sa 
No External Caps Required, 


LTC1050C 
5 
0.05 
0.050 
1000 
4t 
0.6.Vo·o- 
- 
H,J8, N8,sa 
Chopper Stabilized 


LTC1052C 
5 
0.05 
0.03 
1000 
3t 
0.5pVp·p- 
- 
H,N8,N 
Chopper Stabiiized, 
Low Noise 


LTC7652C 
5 
0.05 
0.03 
1000 
3t 
0.5.Vo·p- 
- 
H,N8 


LF355A 
2000 
5 
0.05 
75 
5 
25t- 
H,N8 
JFET Inputs, Low I Bias, No 


LF356A 
2000 
5 
0.05 
75 
10 
15t- 
H,N8 
Phase Reversal 


LM10B 
2000 
2t 
20 
120 
- 
50t 
H,J8 
On·Chip Reference, Operates 


LM10BL 
2000 
2t 
20 
60 
- 
50t 
H,J8 
with + 1.2V Single Battery 


LM10C 
4000 
5t 
30 
80 
- 
50t 
H,J8,N8 


LM10CL 
4000 
5t 
30 
40 
- 
50t 
H,J8,N8 


LM308A 
500 
5 
7 
60 
0.1 
30t 
H,N8 
Low Bias, Suoolv Current 


LT318A 
1000 
250 
200 
50 
42t 
H,J8,N8 
Hioh Soeed, 15MHz 


LM318 
1סס oo 
500 
25 
50 
42t 
H,J8, N8,S8 
Hioh Soeed, 15MHz 


OP·05C 
1300 
4.5 
7 
120 
0.1 
20 
H, J8, N8 
Low Noise, Low Offset Drift 


Op·05E 
500 
2.0 
4 
200 
0.1 
18 
H, J8 N8 
with Time 


OP·07C 
150 
1.8 
7 
120 
0.1 
20 
H J8, N8 S8 
Low Initial Oftset, 
Low Noise, 


Op·07E 
75 
1.3 
4 
200 
0.1 
18 
H J8 N8 
Low Drift 


OP·15E 
500 
5 
0.05 
100 
10 
20t- 
H, N8 
Precision 
JFET Input, Low I 


Op·15F 
1000 
10 
0.1 
75 
7.5 
20t- 
H, N8 
Bias, No Phase Reversal 


OP·15G 
3000 
15 
0.2 
50 
5 
20t- 
H, N8 


Op·16E 
500 
5 
0.05 
100 
18 
20t- 
H, N8 
Precision 
JFET Input, High 


Op·16F 
1000 
10 
0.1 
75 
12 
20t- 
H N8 
Speed, No Phase Reversal 


OP·16G 
3000 
15 
0.2 
50 
9 
20t- 
H, N8 


OP·27E 
25 
0.6 
40 
1000 
1.7 
5.5 
H,J8 
N8 
Very Low Noise, Unity Gain 


Op·27G 
100 
1.8 
80 
700 
1.7 
8.0 
H N8 
Stable 


OP·37E 
25 
0.6 
40 
1000 
11 
5.5 
H, J8, N8 
Very Low Noise, Stable for 


Op·37G 
100 
1.8 
80 
700 
11 
8.0 
H, N8 
Gains;,5 


DUAL 


LT1oo2AC 
I 
60 
0.9 
I 
3.0 
I 
400 
I 
0.15 
I 
20 
J, N 
Dual, Matched 
LT1001 High 
LT1002C 
I 
100 
I 
1.3 
I 
4.5 
I 
350 
I 
0.15 
I 
20 
I 
J,N 
I 
CMRR, PSRR Matching 


ELECTRICAL 
CHARACTERISTICS 


Vos 
TC 
IB 
AYOL 
SLEW RATE 
NOISE 
MAX 
Vos 
MAX 
MIN 
MIN 
MAX 10Hz 
PACKAGES 
PART NUMBER 
(PY) 
(PVI'C) 
(nA) 
(V/mY) 
(VIps) 
(nV/v'Hz) 
AVAILABLE 
IMPORTANT FEATURES 


DUAL 


LT1013AC 
150 
2.0 
20 
1500 
0.2 
24t 
H,J8 
Precision 
Dual Op Amp 


LT1013C 
300 
2.5 
30 
1200 
0.2 
24t 
H,J8, N8 
in 8·Pin Package 


LT1013D 
800 
5.0 
30 
1200 
0.2 
24t 
N8 S8 


LT1024AC 
50 
1.5 
0.12 
250 
0.1 
33 
N 
LowVos, 
Low Power, 


LT1024C 
100 
2.0 
0.20 
180 
0.1 
33 
N 
Malching 
Specs 


LT1057AC 
450 
7 
0.05 
150 
10 
75 
H, J8 
Low Offset JFET Input 


LT1057ACN8 
450 
10 
0.05 
150 
10 
75 
N8 
Multiple 
Op Amps Combine 


LT1057C 
800 
12 
0.075 
100 
8 
80 
H J8 
High Speed and Excellent 
DC 


LT1057CN8 
800 
16 
0.075 
100 
8 
80 
N8 
Specs 


LT1057S 
2000 
5t 
0.1 
100 
8 
13 
S 


LT10571S 
2000 
5t 
0.1 
100 
8 
13 
S 


LT1078AC 
70 
2.0 
8 
250 
O.07t 
40 
H,J8 
N8 
Micropower, 
Precision, 


LT1078C 
120 
2.5 
10 
200 
omt 
29t 
H J8 N8 
Single Supply, Low Noise Dual 


LT1178AC 
70 
2.2 
5 
140 
0.013 
75 
H, J8 N8 
17pA Max, Single Supply, 


LT1178C 
120 
3.0 
6 
110 
0.013 
50t 
H J8, N8 
Precision 
Dual 


LF412AC 
1000 
10 
0.1 
100 
10 
20t- 
H,J8, N8 
High Performance 
Dual JFET 


OP·215E 
1000 
10 
0.1 
150 
10 
20t- 
H J8 N8 
Input OpAmp 


Op·215G 
3000 
20 
0.2 
50 
8 
20t- 
H J8 N8 


OP·227E 
80 
1.0 
40 
3000 
1.7 
6 
J N 
Dual Matched 
OP·27 


Op·227G 
180 
1.8 
80 
2000 
1.7 
9 
J N 


Op·237E 
80 
1.0 
40 
3000 
10 
6 
J N 
Dual Matched 
OP·37 


OP·237G 
180 
1.8 
80 
2000 
10 
9 
J, N 


QUAD 


LT1014AC 
180 
2.0 
20 
1500 
0.2 
24t 
J 
Precision 
Quad Op Amp 


LT1014C 
300 
2.5 
30 
1200 
0.2 
24t 
J N 
in 14·Pin Package 


LT1014D 
800 
5.0 
30 
1200 
0.2 
24t 
N 


LT1058AC 
600 
10 
0.05 
150 
10 
75 
J 
Low Offset JFET Input 
LT1058ACN 
600 
15 
0.05 
150 
10 
75 
N 
Multiple 
Op Amps Combine 


LT1058C 
1000 
15 
0.075 
100 
8 
80 
J 
High Speed and Excellent 
DC 


LT1058CN 
1000 
22 
0.075 
100 
8 
80 
N 
Specs 


LT1079AC 
120 
2.0 
8 
250 
0.07t 
40 
J N 
Micropower, 
Precision, 
Single 
LT1079C 
150 
2.5 
10 
200 
0.07t 
29t 
J N 
Supply, Low Noise Quad 


LT1179AC 
100 
2.2 
5 
140 
0.013 
75 
J N 
17pA Max, Single Supply, 


LT1179C 
150 
3.0 
6 
110 
0.013 
50t 
J N 
Precision 
Quad 


t Typical Spec 


- 100Hz Noise 


- - DCto 1Hz Noise 


SELECTion 
BY DESIGn PARAmETER 


LOW OFFSET VOLTAGE 
Max Input Offset Voltage (TA = 25°C) 


"lS~V 
,,2S~V 
,,7S~V 
,,150~V 
,,1mV 


LT1001AM 
LT1001AC 
LT1001 
LT1002 
LT1013 (D) 


LTC1050A 
LT1007A 
LT1002A(D) 
LT1006 
LT1014(Q) 


LTC1050 
LT1012A 
LT1006A 
LT100s 
LT1014A(Q) 


LTC1052 
LT1037A 
LT1007 
LT1012S8 
LT1022 ALL 
LTC7652 
OP·07A 
LT1012 
LT1013A(D) 
LT1055C 
Op·27A 
LT1012D 
LT1024 (D) 
LT1055M 


Op·27E 
LT101258 
LT1028 
LT1056AM 
Op·37A 
LT1024A(D) 
LT1055AM 
LT1056AC 
Op·37E 
LT1037 
LT1055AC 
LT1056M 
LT1077 
LT1079A(Q) 
LT1056C 
LT1078A(D) 
LT1178 (D) 
LT1057 ALL (D) 


LT1178A(D) 
LT1179A (Q) 
LT1056ALL(Q) 


Op·07E 
LT1179(Q) 
LT1078 (D) 
OP·07 
OP.()5A 
LT1079(Q) 
OP·07C, D 
LF412A 


OP·27C 
LH2108A (D) 
OP·37C 
LM108A 
OP·227 A, E (D) 
LM308A 
OP·237 A, E (D) 
OP·05 
OP.()5E 


Op·15A, E 
Op·15B, F 
OP·16A, E 
Op·16B, F 
OP·215A, E(D) 


LOW BIAS CURRENT 
Max Input Bias Current (Tj = 25°C) 


"O.2nA 
,,3nA 
"SnA 
,,10nA 


LT100s 
LT1001A 
LT1001 
LT1077A 
LT1012ALL 
LT1002A (D) 
LT1002(D) 
LT1078A (D) 
LT1022 ALL 
LT1006ALL 
LT1178A(D) 
LT1079A(Q) 


LT1024 ALL (D) 
LM108 
LT1179A(Q) 
LT1078 (D) 


LT1055 ALL 
LM108A 
Op·05E 
LT1079(Q) 


LT1056 ALL 
OP·05A 
OP·07E 
LT1178 (D) 


LT1057 ALL (D) 
OP·05 
LT1179(Q) 


LT1056 ALL (Q) 
Op·07A 
OP.()5C 


LF155ALL 
OP·07 
LM308A 
LF156ALL 
LF412AALL 
LTC7652 
LTC1050 
LTC1052 
OP·15ALL 
Op·16ALL 
OP·215 ALL (D) 


(D)-Dual 
Op Amp 


(Q)-Quad 
Op Amp 


SELECTion 
BY DESIGn PARAmETER 


LOW NOISE 
Typ Equivalent Input Noise Voltage 
per $z, 
f = 10Hz, Rs = 1000 


LOW POWER 
Maximum Supply Current (per Amplifier) 


<1nV/v'Hz 
s25nV/v'Hz 


LT1028ALL 
LTl001 ALL 
LTl002 ALL (D) 
LTlOO6ALL 


s5nVv'Hz 


LT1008 
LT1012 


LT1007 ALL 
LT1013ALL(DI 


LTl037 
ALL 
LT1014ALL(D) 
OP·27 ALL 
LT1022 ALL 
OP·37 ALL 
LTC1050 


OP·227 ALL (D) 
LTC1052 


OP·237 ALL (D) 
°LTl055 
ALL 
°LTl056 
ALL 
LTC7652 
°LF155ALL 
° LF355 ALL 
°LF156ALL 
OP·05 ALL 
OP·07 ALL 
°OP·15ALL 
°OP·16ALL 


s50pA 
s~pA 
s1mA 


LT1078A(D) 
LTl077 
LT1006 


LT1079A(Q) 
LTl078 
(D) 
LT1008 


LTl178A(D) 
LTl079 
(Q) 
LTl012 
ALL 
LTl 178 (D) 
LT1013 (D) 


LT1179A(Q) 
LT1014(Q) 


LT1179(Q) 
LT1024 (D) 
LM108A 
LH2108A(D) 


HIGH GAIN 
Typ Open Loop Gain 


>200...'!'... 


?:1000 :v 
- 
mV 


LT1001 
LTlOO6A 
LT1002(D) 
LTl007 
LT1006 
LTl013(D) 


LT1008 
LT1014(Q) 


LTl012 
ALL 
LT1028 


LTl18A 
LT1037 


LT318A 
OP·27 
OP·05 
OP·37 
OP·07 
OP·227 (D) 


LT1077 
OP·237 (D) 


LT1078 (D) 
LTC1050 
LT1079(Q) 
LTC1052 
LT1178 (D) 
LTC7652 
LT1179(Q) 


HIGH SLEW RATE 
Typ Slew Rate 


?:10V/~s 
?:50V/~s 


LTl022 
ALL 
LT118A1318A 
LTl028 
ALL 
LM118/318 


LT1037 ALL 
LT1010 


LT1055ALL 
LT1056A 
OP·37 ALL 
OP·16A, B 
Op·16E, F 
OP·237 ALL (D) 
LF412A (D) 
Op·215A, E (D) 
LT1057A(D) 
LT1058A(Q) 


(D)-Dual 
Op Amp 


(Q)-Quad 
Op Amp 


@ a 0 0 0 
[0 €CD 0 c::J 0 


~~ 


'00· 
'.~~o 
Q 
W 
wmw 
W 
wmw 
WW 
WMW 
= 
~ 
rnorn 


bmmnmmIl 


H 
J8 
J 
N8 
N 
D8 
D 
sa 
S 
S 
W 
TO·5 
HERMETIC 
HERMETIC 
PLASTIC 
PLASTIC 
HERMETIC 
HERMETIC 
PLASTIC 
PLASTIC 
PLASTIC 
CERPAK 
BLEAD 
DIP 
DIP 
DIP 
DIP 
DIP 
DIP 
SO 
SO 
SOL 
10 LEAD 
10 LEAD 
BLEAD 
14LEAD 
8 LEAD 
14LEAD 
BLEAD 
14LEAD 
BLEAD 
14 LEAD 
16 LEAD 
16 LEAD 
16 LEAD 
16 LEAD 
16 LEAD 
18 LEAD 


18 LEAD 
18 LEAD 
18 LEAD 
20 LEAD 


20 LEAD 
20 LEAD 
24 LEAD 


24LEAD 
24 LEAD 
28 LEAD 


• 
Guaranteed Low Offset Voltage 
LT1001AM 
15~V max 
LT1001C 
60~V max 
• 
Guaranteed Low Drift 
LT1001AM 
0.6~V 1°C max 
LT1001C 
1.0~V/oCmax 
• 
Guaranteed Low Bias Current 
LT1001AM 
2nA max 
LT1001C 
4nAmax 
• 
Guaranteed CMRR 
LT1001AM 
LT1001C 
• 
Guaranteed PSRR 
LT1001AM 
110dB min 
LT1001C 
106dB min 
• 
Low Power Dissipation 
LT1001AM 
75mW max 
LT1001C 
80mW max 
• 
Low Noise 0.3~Vp.p 


114dB min 
110dB min 


• 
Thermocouple 
amplifiers 
• 
Strain gauge amplifiers 
• 
Low level signal processing 
• 
High accuracy 
data acquisition 


Linearized Platinum Resistance Thermometer 
with ± O.025°C Accuracy Over 0 to 100°C 


• 
ULTRONIX 10SAWIREWOUNO 
"l%FILM 
t 
PLATINUM RTO 
118MF (ROSEMOUNT, INC.) 


* 
Trim sequence: trim offset (O°C= 1000.0m, 
trim linearity (35°C= 1138.7Q), trim gain 
(100°C= 1392.6fl). Repeal until all lhree 
points are fixed with ± .025°C. 


LT100l 


Precision Operational 
Amplifier 


DESCRIPTion 


The LT1001 significantly 
advances 
the state-of-the- 
art of precision 
operational 
amplifiers. 
In the design, 
processing, and testing of the device, particular 
atten- 
tion has been paid to the optimization 
of the entire dis- 
tribution 
of several key parameters. Consequently, the 
specifications 
of the lowest cost, commercial tempera- 
ture device, the LT1001C, have been dramatically 
im- 
proved 
when 
compared 
to 
equivalent 
grades 
of 
competing 
precision amplifiers. 


Essentially, the input offset voltage of all units is less 
than 50~V (see distribution 
plot below). This allows 
~ 
the LT1001AM/883 
to be specified at 15~V. Input bias 
••• 
and offset currents, common-mode 
and power supply 
rejection 
of the LT1001C 
offer 
guaranteed 
perfor- 
mance which were previously attainable 
only with ex- 
pensive, 
selected 
grades 
of other 
devices. 
Power 
dissipation 
is nearly 
halved compared 
to the most 
popular precision op amps, without 
adversely affect- 
ing noise or speed performance. A beneficial by-prod- 
uct of lower dissipation 
is decreased warm-up 
drift. 
Output drive capability of the LT1001 is also enhanced 
with voltage gain guaranteed at 10 mA of load current. 
For similar 
performance 
in a dual precision 
op amp, 


with 
guaranteed 
matching 
specifications, 
see the 
LT1002. Shown below is a platinum 
resistance 
ther- 
mometer application. 


OUTPUT 


LINEARITY 
0 to 1ov ~ 
200n 
TRIM 
0 to 100°C 


Typical Distribution 
of Offset Voltage 
Vs = ± 15V, TA = 25°C 


o 
w 
-w 
-m 
0 
m 
w 
w 


INPUT OFFSET VOLTAGE (MICROVOLTS) 


LTl 001 


ABSOLUTEmAXimum RATinGS 
PACKAGE/ORDER InFORmATion 


Supply Voltage. . . . . . . . . . . . . . . . . . . . . . .. 
± 22V 
Differential Input Voltage. . . . . . . . . . . . . . .. 
±30V 
Input Voltage. . . . . . . . . . . . . . . . . . . . . . . .. 
± 22V 
Output Short Circuit Duration. . . . . . . . . .. 
Indefinite 
Operating Temperature Range 
LT1001AM/LT1001M 
-55°C 
to 150°C 
LT1001AC/LT1001C 
O°Cto 125°C 
Storage: All Devices 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


4 


v- (CASE) 


H PACKAGE 


METAL CAN 


TOP VIEW 


~~M 18- 
B 
~~M 


-IN 
2 
7 
V+ 


+IN 
3 
+ 
6 
OUT 


V- 
4 
5 
NC 


ORDERPARTNUMBER 


LT1001AMH/883 
LT1001MH 
LT1001ACH 
LT1001CH 


LT 100 1AMJ8/883 
LT1001MJ8 
LT100 1ACJ8 
LT1001CJ8 


LT1001ACN8 
LT1001CN8 


LTl OOlAM/883 
LTlOOlAC 
LTlOOIM/LTlOOIC 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
lYP 
MAX 
MIN 
lYP 
MAX 
UNITS 


Vas 
Input 
Offset Voltage 
Note 1 
LT1001AM/883 
7 
15 
18 
60 
/LV 
LT1001AC 
10 
25 
~ 
Long Term Input Offset Voltage 


tJ. Time 
Stability 
Notes 2 and 3 
0.2 
1.0 
0.3 
1.5 
/LV/month 


los 
Input 
Offset Current 
0.3 
2.0 
0.4 
3.8 
nA 


I, 
Input Bias Current 
+0.5 
+2.0 
+0.7 
+4.0 
nA 


en 
Input 
Noise Voltage 
O.IHz to 10Hz (Note 2) 
0.3 
0.6 
0.3 
0.6 
/LV•. , 


en 
Input 
Noise Voltage 
Density 
fo ~ 
10Hz (Note 5) 
10.3 
18.0 
10.5 
18.0 
nVVHz 
fo 
~ 
1000Hz (Note 2) 
9.6 
11.0 
9.8 
11.0 


AVOl 
Large Signal 
Voltage 
Gain 
Rl ;;> 2kn, 
V, = ± 12V 
450 
800 
400 
800 
VlmV 
Rl ;;> lkn, 
V, ~ 
+ 10V 
300 
500 
250 
500 


CMRR 
Common 
Mode Rejection 
Ratio 
VCM - 
+ 13V 
114 
126 
110 
126 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
Vs - 
+ 3V to + 18V 
110 
123 
106 
123 
dB 


Rin 
Input 
Resislance 
Differential 
Mode I (Note 
4) 
30 
100 
15 
80 
Mn 


Input Voltage 
Range 
+ 13 
+14 
+ 13 
+14 
V 


VOUT 
Maximum 
Output 
Voltage 
Swing 
Rl;;> 
2kn 
±13 
±14 
±13 
±14 
V 
Rl;;> 
lkn 
+ 12 
+ 13.5 
+ 12 
+ 13.5 


SR 
Slew Rate 
Rl ;;> 2kn (Note 4) 
0.1 
0.25 
0.1 
0.25 
VI/Ls 


GBW 
Gain-Bandwidth 
Product 
(Note 4) 
0.4 
0.8 
0.4 
0.8 
MHz 
p. 
Power Dissipation 
No load 
46 
75 
48 
80 
mW 
No load, V, ~ 
+ 3V 
4 
6 
4 
8 


lT100lAM/883 
LTlOOIM 


SYM80L 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input 
Offset Voltage 
• 
30 
60 
45 
160 
p.V 
~ 
Average 
Offset Voltage 
Drift 
• 
0.2 
0.6 
0.3 
1.0 
p.V/oC 
a Temp 


IDS 
Input 
Offset Current 
• 
0.8 
4.0 
1.2 
7.6 
nA 


IB 
Input 
Bias Current 
• 


±1.0 
±4.0 
± 1.5 
±8.0 
nA 


AvoL 
Large Signal 
Voltage 
Gain 
RL ;;> 2kll, 
Vo ~ 
± 10V 
• 
300 
700 
200 
700 
V/mV 


CMRR 
Common 
Mode Rejection 
Ratio 
VCM 
~ 
± 13V 
• 
110 
122 
106 
120 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
Vs ~ 
+ 3 to ± 18V 
• 
104 
117 
100 
117 
dB 


Input 
Voltage 
Range 
• 
±13 
±14 
±13 
± 14 
V 


VOUT 
Output 
Voltage 
Swing 
RL ;;> 2kll 
• 


± 12.5 
± 13.5 
± 12.0 
± 13.5 
V 


Pd 
Power Dissipation 
No load 
• 
55 
90 
60 
100 
mW 
(II 


lT1001AC 
lT1001C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
20 
60 
30 
110 
p.V 
~ 
Average 
Offset Voltage 
Drift 
• 
0.2 
0.6 
0.3 
1.0 
p.V/oC 
a Temp 


los 
Input Offset Current 
• 
0.5 
3.5 
0.6 
5.3 
nA 


IB 
Input 
Bias Current 
• 
+0.7 
±3.5 
± 1.0 
±5.5 
nA 


AvoL 
Large Signal 
Voltage 
Gain 
RL ;;> 2kll, 
Vo = ± 10V 
• 
350 
750 
250 
750 
V/mV 


CMRR 
Common 
Mode Rejection 
Ratio 
VCM = ± 13V 
• 
110 
124 
106 
123 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
Vs = + 3V to + 18V 
• 
106 
120 
103 
120 
dB 


Input Voltage 
Range 
• 


+ 13 
+14 
±13 
± 14 
V 


VOUT 
Output 
Voltage 
Swing 
Rl;;> 
2kll 
• 
+ 12.5 
+ 13.8 
± 12.5 
± 13.8 
V 


Pd 
Power Dissipation 
No load 
• 
50 
85 
55 
90 
mW 


The. 
denotes the specifications 
which apply over the full operating 
temperature 
range. 


Not8 1: Offset voltage for the LT1001AM/883 
and LT1001AC are 
measured after power is applied and the device is fully warmed up. 
All other grades are measured with high speed test equipment, 
approximately 
1 second after power is applied. The LT1001AM/883 
receives 168 hr. burn-in 
at 125°C. or equivalent. 


Not8 Z: This parameter 
is tested on a sample basis only. 


Not8 3: Long Term Input Offset Voltage Stability 
refers to the 
averaged trend line of Vosversus Time over extended periods after 
the first 30 days of operation. 
Excluding 
the initial hour of operation, 


changes in Vosduring the first 30 days are typically 
2.5IJ.V. 


Nol8 4: Parameter 
is guaranteed 
by design. 
Not8 5: 10Hz noise voltage density 
is sample tested on every lot. 


Devices 100% tested at 10Hz are available 
on request. 


Typical Distribution of Offset 
Voltage Drift with Temperature 
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Input Bias Current vs. 
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COMMON-MODE INPUT VOLTAGE 


Open Loop Voltage Gain 
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Frequency Response 
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Voltage Follower Overshoot 
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Application Notes and Test Circuits 
The LT1001 series units may be inserted directly 
into 
OP-07, oP-05, 
725, 
108A or 101A sockets 
with 
or 
without 
removal of external frequency 
compensation 
or nUlling components. 
The LT1001 can also be used 
in 741, LF156 or OP-15 applications 
provided that the 
nUlling circuitry 
is removed. 


The LT1001 is specified 
over a wide range of power 
supply voltages from ± 3V to ± 18V. Operation with 
lower supplies is possible down to ± 1.2V (two Ni-Cad 
batteries). 
However, with ± 1.2V supplies, the device 
is stable only in closed loop gains of +2 or higher (or 
inverting 
gain of one or higher). 


Unless proper care is exercised, thermocouple 
effects 
caused 
by temperature 
gradients 
across 
dissimilar 


metals at the contacts to the input terminals, 
can ex- 
ceed the inherent 
drift 
of the amplifier. 
Air currents 
over device leads should be minimized, package leads 
should be short, and the two input leads should be as 
close together as possible and maintained at the same 
temperature. 


Test Circuit lor Ollset Voltage and its Drift with Temperature 
R1 
'SOk 


Vo 


• RESISTORS MUST HAVE LOW 
THERMOELECTRICPOTENTIAL 


•• 
THIS CIRCUIT IS ALSO USEDAS THE BURN·IN 
CONFIGURATIONFORTHE LT1001, WITH SUPPLY 
VOLTAGESINCREASEDTO ±20V, 
R1~R3~10k, 


R2=200n, Av=100. 


Offset Voltage Adjustment 


The input offset voltage of the LT1001, and its drift with tem- 
perature, 
are permanently 
trimmed 
at wafer test to a low level. 


However, if further 
adjustment 
of Vos is necessary, nulling with 
a 10k or 20k potentiometer 
will not degrade drift with tempera- 
ture. Trimming 
to a value other than zero creates a drift of (Vosl 
300) /lVrC, 
e.g. if Vos is adjusted 
to 300 /lV, the change in drift 
will be 1/lVrC. 
The adjustment 
range with a 10k or 20k pot is 
approximately 
±2.5mV. If less adjustment 
ranQe is needed, the 
sensitivity 
and resolution 
of the nulling can be Improved by us- 


ing a smaller pot in conjunction 
with fixed resistors. 
The exam- 
ple below has an approximate 
null range of ± 100 /lV. 


DC Stabilized 
1000v//lsec 
Op Amp 
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NON 
INVERTING 
INPUT 


-5V 


Positive feedback to one of the nulling terminals ere· 
ates 5 I' to 20 I'Vof 
hysteresis. Input offset voltage is 
typically 
changed 
by less than 
51'V 
due to the 
feedback. 
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large Signal Voltage Follower 
With 0.001% 
Worst-Case Accuracy 
rejections. 
Worst-case 
summation 
of 
guaranteed 
specifications is tabulated below. 


OUTPUT ACCURACY 


lT1001AM 
lTIOOIC 
lT1001AM 
lT1001C 


/883 
/883 


OUTPUT 


- 
10 10 + 10V 
25·C 
25·C 
-5510125·C 
01070·C 


INPUT 
Rs 
Error 
Mu. 
Mu. 
Mu. 
Mu. 


-1010 
+ 10V 
01010Kn 


Offset 
Voltage 
15~V 
60~V 
60~V 
11O~V 


Bias Current 
20~V 
40~V 
40~V 
55~V 


Common-Mode 
Rejection 
20~V 
30~V 
30~V 
5O~V 


The voltage follower is an ideal example illustrating 
Power Supply 
Rejection 
18~V 
30~V 
36~V 
42~V 


Voltage 
Gain 
22~V 
25~V 
33~V 
40~V 
the overall excellence of the LT1001. The contributing 


297~V Ell 
error terms are due to offset voltage, input bias cur- 
Worst-case 
Sum 
95~V 
185~V 
199~V 


Percent 
of Full Scale 
rent, voltage gain, common-mode and power-supply 
(-20V) 
0.0005% 
0.0009% 
0.0010% 
0.0015% 
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Instrumentation 
Amplilier with ± 300V 
Common Mode Range and CMRR > 150dB 
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• Guaranteed Low Offset Voltage 60p,VMax. 
• Guaranteed Low Drift lOp,V/oCMax. 
• Guaranteed Low Bias Current 4nA Max. 
• GuaranteedCMRR 110dBMin. 
• Guaranteed PSRR106dBMin. 
• Low Power Dissipation 80mW Max. 
• Low Noise O.3p,Vp-p 


• Thermocouple Amplifiers 
• Strain Gauge Amplifiers 
• Low LevelSignal Processing 
• High Accuracy Data Acquisition 


Precision Operational 
Amplifier 


The LT1001significantly advances the state-of-the-art of 
precision operational amplifiers. In the design, proces- 
sing, and testing of the device, particular attention has 
been paid to the optimization of the entire distribution of 
several key parameters. Consequently, the specifications 
of the lowest cost, commercial temperature device, the 
LT1001C, have 
been 
dramatically 
improved 
when 
compared to equivalent grades of competing precision 
amplifiers. 


Essentially, the input offset voltage of all units is less than 
50p,V(see distribution plot below). Input bias and offset 
currents, common-mode and power supply rejection of the 
LT1001Coffer guaranteed performance which were previ- 
ously attainable only with expensive, selected grades of 
other devices. Power dissipation 
is nearly halved com- 
pared to the most popular precision op amps, without ad· 
versely affecting noise or speed performance. A beneficial 
by-product of lower dissipation 
is decreased warm-up 
drift. Output drive capability of the L1001is also enhanced 
with voltage gain guaranteed at 10mAof load current. 


linearized 
Platinum Resistance Thermometer 
with ± O.025°C Accuracy Over 0 to 100°C 


• 
ULTRONIX 105AWIREWOUNO 


··1%FILM 
t 
PLATINUM RTO 
118MF (ROSEMOlJH. INC.) 


* 
Trim sequence: trim offsel (O·C-1000.00). 
trim 
linearity 
(35°C= 
1138.70), 
trim 
gain 


(1OO'C - 
1392.60). 
Repeal 
unli 
all IIYee 
points are fixed with ± .025°C. 


Typical Distribution 
of Offset Voltage 
Vs = ± 15V,TA = 25°C 


OUTPUT 


LINEARITY 
010 10V ~ 


TRIM 
010 100'C 


Supply Voltage 
±22V 
Differential Input Voltage 
± 30V 
Input Voltage 
± 22V 
Output Short Circuit Duration 
Indefinite 
Operating Temperature Range 
O°Cto lO°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) 
3000C 


ORDER 
PART NUMBER 


LT1001CS8 


PART MARKING 


1001 


LT1OO1C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
18 
60 
~V 
~ 
Long Term Input Offset Voltage 
Note 1 and Note 2 
0.3 
1.5 
~V/month 


"'Time 
Stability 


los 
Input Offset Current 
0.4 
3.8 
nA 


Ib 
Input Bias Current 
+0.7 
±4.0 
nA 


en 
Input Noise Voltage 
0.1Hz to 10Hz(Note 
1) 
0.3 
0.6 
~Vp·p 


en 
Input Noise Voltage Density 
fo= 10Hz(Note 1) 
10.5 
18.0 
nV/.JHz 


fo -1oo0Hz(Note 
1) 
9.8 
11.0 


AYol 
Large Signal Voltage Gain 
Rl",2kO, Vo= ± 12V 
400 
800 
V/mV 


Rl>1kO, Vo- 
±10V 
250 
500 
V/mV 


CMRR 
Common·Mode 
Rejection Ratio 
VCM=+13V 
110 
126 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±3Vto 
±18V 
106 
123 
dB 


R1n 
Input Resistance 
Differential 
Mode 
15 
80 
MO 


Input Voltage Range 
±13 
±14 
V 


Your 
Maximum Output Voltage Swing 
Rl",2kO 
± 13 
±14 
V 


Rl>lkO 
±12 
±13.5 
V 


SA 
SiewRate 
Rl",2kO(Note3) 
0.1 
0.25 
V/~s 


GBW 
Gain·Bandwidth 
Product 
(Note 3) 
0.4 
0.8 
MHz 


Pd 
Power Dissipation 
No Load 
48 
80 
mW 
No Load, Vs= ±3V 
4 
8 
mW 


LT1oo1C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
30 
110 
~V 
~ 
Average Offset Voltage Drift 
• 
0.3 
1.0 
~V/oC 


"'Temp 


los 
Input Offset Current 
• 
0.6 
5.3 
nA 


Ie 
input Bias Current 
• 
±1.0 
±5.5 
nA 


AYOl 
Large Signal Voltage Gain 
Rl>2kO,Vo= 
+10V 
• 
250 
750 
V/mV 


CMRR 
Common·Mode 
Rejection Ratio 
VcM=±13V 
• 
106 
123 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±3V to ± 18V 
• 
103 
120 
dB 


Input Voltage Range 
• 
±13 
±14 
V 


Your 
Output Voltage Swing 
Rl>2kO 
• 
±12.5 
±13.8 
V 


Pd 
Power Dissipation 
No Load 
• 
55 
90 
mW 


The. 
denotes the specifications 
which apply over the full operating tem· 
perature range. 


Note 1: This parameter is tested on a sample basis only. 


Note 2: Long Term Input Offset Voltage Stability 
refers to the averaged 
trend line of Vos versus Time over extended periods after the first 30 days of 


operation, 
Excluding 
the initial hour of operation, changes in Vos during the 
first 30 days are typically 2.5~V. 


Note 3: Parameter is guaranteed 
by design. 


FEArURES 


• 
Guaranteed low offset voltage 
LT1002A 
60~Vmax 
LT1002 
100~Vmax 
• 
Guaranteed offset voltage match 
LT1002A 
40~V max 
LT1002 
80~Vmax 
• 
Guaranteed low drift 
LT1002A 
O.9~V1°C max 
LT1002 
1.3~V1°C max 
• 
Guaranteed CMRR 
LT1002A 
110dB min 
LT1002 
110dB min 
• 
Guaranreea channel separation 
LT1002A 
132dB min 
LT1002 
130dB min 
• 
Guaranteea matching characteristics 
• 
Low noise O.35~V p-p 
APPLICArIOnS 
• 
Thermocouple Amplifiers 
• 
Strain GaugeAmplifiers 
• 
Low level signal processing 
• 
Medical instrumentation 
• 
Precision dual limit threshold detection 
• 
Instrumentation amplifiers 


LT1002 
Dual, Matched Precision 
Operational Amplifier 


DESCRIPTion 


The LT1002 dual, matched precision operational amplifiers 
combine excellent individual amplifier performance with tight 
matching and temperature tracking betweenamplifiers. 


In the design, processing, and testing of the device, particular 
attention has been paid to the optimization of the entire distri- 
bution of several key parameters and their matching. Conse- 
quently, the specifications of even the low cost commercial 
grade (the LT1002C) have been spectacularly improved com- 
pared to presently available devices. 


Essentially, the input offset voltage of all units is less than 
~ 
80~V, and matching between amplifiers is consistently better 
••• 
than 60~V (see distribution plot below). Input bias and offset 
currents, channel separation, common modeand power supply 
rejections of the LT1002Care all specified at levels which were 
previously attainable only on very expensive, selected grades of 
other dual devices. Power dissipation is nearly halved com- 
pared to the most popular precision duals, without adversely 
affecting noise or speed performance. A by-product of lower 
dissipation is decreased warm-up drift. For even better perfor- 
mance in a single precision op amp, refer to the LT1001 data 
sheet. A bridge signal conditioning application is shown below. 
This circuit 
illustrates the requirement for both excellent 
matching and individual amplifier specifications. 
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INPUT OFFSET VOLTAGE MATCH ("V) 


LT1002 


ABSOLUTE mAXimum 
RATinGS 


Supply Voltage (Note 6) . . . . . . . . . . . . . . . .. 
±22V 
Differential Input Voltage. . . . . . . . . . . . . . .. 
± 30V 
Input Voltage Equal to Supply Voltage 
Output Short Circuit Duration. . . . . . . . . .. 
Indefinite 
Operating Temperature Range 
LT1002AM/LT1002M 
-55°C 
to 125°C 
LT1002AC/LT1002C 
O°Cto lO°C 
Storage Temperature Range 
All Grades 
-65°Cto150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 


PACKAGE/ORDER 
InFORmATiOn 


TOP VIEW 
OFFSET 


NULL (A) 1 
14 V+ 
(A) 
ORDER 
VOLTAGE 


NULL IA) 2 
13 OUT (A) 
PART NO. 
MAX 


-INIA) 
3 
12 V-IA) 
at 25°C 


+INIA) 
4 
11 +IN(8) 


LT1002AMJ 
60f.LV 
V-(8) 
5 
10 -IN 
(8) 


OUT (8) 6 
9 NULL (8) 
LT1002MJ 
100f.LV 


V+ 
(8) 7 
8 NULL (8) 
LT1002ACJ 
60f.LV 
LT1002CJ 
1OOf.LV 


J PACKAGE 
N PACKAGE 
LT1002ACN 
6Of.LV 
14 PIN HERMETIC 
14 PIN PLASTIC 
LT1002CN 
100f.LV 


NOTE: Device may be operated even jf insertion 
is reversed; this is due 10 inherent symmetry 
of 
pin locations of amplifiers A and B. (Note 6) 


ELECTRICALCHARACTERISTICS, InDIVIDUAL AmPLIFIERS 


, 
LTl 002AM/LTl 
002AC 
LTl 002M/LTl 
002C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
UNITS 


Vas 
Input 
Offset Voltage 
Note 1 
20 
60 
25 
100 
JJ-V 
~ 
Long Term Input 
Offset Voltage 
t. Time 
Stability 
Notes 2 and 3 
0.3 
1.5 
0.4 
2.0 
JJ-V/month 


los 
Input 
Offset 
Current 
0.3 
2.8 
0.4 
4.2 
nA 


Ie 
Input 
Bias Current 
+0.6 
+3.0 
+0.7 
+4.5 
nA 


en 
Input 
Noise Voltage 
0.1Hz to 10Hz (Note 2) 
0.35 
0.7 
0.38 
0.75 
JJ-V", 


en 
Input 
Noise Voltage 
Density 
fo ~ 
10Hz (Note 5) 
10.3 
20.0 
10.5 
20.0 
nVv'Hz 
fo ~ 
1000Hz (Note 2) 
9.6 
11.5 
9.8 
12.0 


AVOL 
Large 
Signal 
Voltage 
Gain 
RL ;;. 
2kn, 
Vo = ± 12V 
400 
800 
350 
800 
Vim V 
RL ;;. 
1kn, Vo ~ 
+ 10V 
250 
500 
220 
500 


CMRR 
Common 
Mode Rejection 
Ratio 
VCM 
- 
+ 13V 
110 
126 
110 
126 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
Vs ~ 
+ 3V to + 18V 
108 
123 
105 
123 
dB 


Rln 
Input 
Resistance 
Differential 
Mode 
Note 4 
20 
100 
13 
80 
Mn 


Input 
Voltage 
Range 
+ 13 
+14 
+ 13 
+14 
. 
V 


VOUT 
Maximum 
Output 
Voltage 
Swing 
RL ;;. 2kn 
± 13 
±14 
± 13 
±14 
V 
RL;;. 
1kn 
+ 12 
+ 13.5 
+ 12 
+ 13.5 


SR 
Slew Rate 
RL ;;. 
2kn (Note 4) 
0.1 
0.25 
0.1 
0.25 
V/JJ-s 


GBW 
Gain Bandwidth 
PrOduct 
Note 4 
0.4 
0.8 
0.4 
0.8 
MHz 


Pd 
Power Dissipation 
No load 
46 
75 
48 
85 
mW 
per amplifier 
No load, V, ~ 
+3V 
4 
7 
4 
8 


LTlOO2AM 
LTlOO2M 


SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
Note 1 
• 
30 
150 
45 
230 
I'V 
~ 
Average Input Offset Voltage Drift 
• 
0.2 
0.9 
0.3 
1.3 
I'V/'C 


A Temp 


los 
Input Offset Current 
• 
0.8 
5.6 
1.2 
8.5 
nA 


18 
Input Bias Current 
• 


± 1.0 
±6.0 
± 1.5 
±9.0 
nA 


Avol 
Large Signal Voltage Gain 
Rl •• 2kfl, Vo= ± 10V 
• 
300 
700 
200 
700 
V/mV 


CMRR 
Common Mode Rejection Ratio 
VCM 
- 
± 13V 
• 
106 
122 
104 
120 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs = ± 3V to ± 18V 
• 
102 
117 
96 
117 
dB 


Input Voltage Range 
• ± 13 
±14 
± 13 
±14 
V 


Your 
Output Voltage SWing 
Rl •• 2kfl 
• ± 12.5 
± 13.5 
± 12.0 
± 13.5 
V 


Po 
Power Dissipation 
No'Ioad 
• 
55 
90 
60 
100 
mW 
per amplifier 
Ell 


LTlO02AC 
LTlOO2C 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
Note 1 
• 
20 
100 
30 
160 
I'V 
~ 
Average Input Offset Voltage Drift 
• 
0.2 
0.9 
0.3 
1.3 
I'V/oC 


.1Temp 


los 
Input Offset Current 
• 
0.5 
4.2 
0.6 
5.7 
nA 


18 
Input Bias Current 
• 
±0.7 
±4.5 
±1.0 
±6.0 
nA 
Avol 
Large !?ignal Voltage Gain 
Rl •• 2kfl, Vo ~ 
+ 10V 
• 
350 
750 
250 
750 
V/mV 
CMRR 
Common Mode Rejection Ratio 
VCM = + 13V 
• 
108 
124 
106 
123 
dB 
PSRR 
PowerSupply Rejection Ratio 
Vs ~ 
+ 3V to + 18V 
• 
105 
120 
100 
120 
dB 
Input Voltage Range 
• + 13 
+14 
+ 13 
+14 
V 
Your 
Output Voltage Swing 
Rl •• 2kfl 
• ± 12.5 
± 13.8 
+ 12.5 
+ 13.8 
V 
Po 
Power Dissipation 
No load 
• 
50 
85 
55 
90 
mW 
per amplifier 


The. 
denotes the specifications 
which apply over the fUll operating 
temperature range. 


For MIL-STD components, please refer to LTC 883C data sheet for test 
listing and parameters. 


Nole 1: Offset voltage measured with high speed test equipment, 
approximately 
1 second after power is applied. 


Nole 2: This parameter is tested on a sample basis only. 


Nole 3: Long Term Input Offset Voltage Stability refers to the averaged 
trend line of Vosversus Time over extended periods after the first 30 
days of operation. Excluding the initial hour of operation, changes in 
Vosduring the first 30 operating days are typically 
2.5/lV. 


Nole 4: Parameter is guaranteed by design. 


Nole 5: 10Hz noise voltage density is sample tested on every lot. 
Devices 100% tested at 10Hz are available on request. 


Nole 6: The V + supply terminals are completely independent and may 
be powered by separate supplies if desired (this approach, however, 
would sacrifice the advantages of the power supply rejection ratio 
matching). The V - 
supply terminals are both connected to the 
common substrate and must be tied to the same voltage. Both V - 
pins 
should be used. 


LTlOO2AM/AC 
LTlOO2M/C 


SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
Match 
- 
15 
40 
- 
25 
80 
/lV 


IB+ 
Average 
Non-Inverting 
Bias 


±0.7 
±4.8 
nA 
Current 
- 
±0.6 
±3.5 
- 


los+ 
Non-Inverting 
Offset Current 
- 
0.6 
3.5 
- 
0.7 
6.0 
nA 


los 
Inverting 
Offset Current 
- 
0.6 
3.5 
- 
0.7 
6.0 
nA 


~CMRR 
Common 
Mode Rejection 
Ratio 
Match 
VCM ~ 
+ 13V 
110 
132 
- 
108 
132 
- 
dB 


~PSRR 
Power Supply 
Rejection 
Ratio 
Match 
Vs ~ 
± 3V to ± 18V 
108 
130 
- 
102 
128 
- 
dB 


Channel 
Separation 
f '" 
10Hz (Note 4) 
132 
148 
- 
130 
146 
- 
dB 


LT1002AM 
LTlOO2M 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
Match 
• 
- 
50 
140 
- 
60 
230 
/lV 


Input Offset Voltage 
Tracking 
" 
• 
- 
0.3 
1.0 
- 
0.4 
1.5 
/lV/oC 


IB+ 
Average 
Non-Inverting 
Bias 


Current 
• 
- 
± 1.5 
±6.0 
- 
± 1.8 
± 10.0 
nA 


los+ 
Non-Inverting 
Offset Current 
• 
- 
1.5 
6.5 
- 
1.8 
12.0 
nA 


los 
Inverting 
Offset Current 
• 
- 
1.5 
6.5 
- 
1.8 
12.0 
nA 


~CMRR 
Common 
Mode Rejection 
Ratio 
Match 
VCM = ± 13V 
• 
106 
126 
- 
102 
124 
- 
dB 


~PSRR 
Power Supply 
Rejection 
Ratio 
Match 
Vs ~ 
± 3V to ± 18V 
• 
102 
122 
- 
94 
120 
- 
dB 


LTlOO2AC 
LTlOO2C 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
Match 
• 
- 
30 
85 
- 
45 
150 
/lV 


Input Offset Voltage 
Tracking 
• 
- 
0.3 
1.0 
- 
0.4 
1.5 
/lV/oC 


IB+ 
Average 
Non-Inverting 
Bias 
Current 
• 
- 
+ 1.0 
+4.5 
- 
+ 1.2 
+7.0 
nA 


los+ 
Non-Inverting 
Offset Current 
• 
- 
1.0 
5.0 
- 
1.2 
8.5 
nA 


los 
Inverting 
Offset Current 
• 
- 
1.0 
5.0 
- 
1.2 
8.5 
nA 


~CMRR 
Common 
Mode Rejection 
Ratio 
Match 
VCM = ± 13V 
• 
108 
130 
- 
105 
128 
- 
dB 


~PSRR 
Power Supply 
Rejection 
Ratio 
Match 
Vs = + 3V to + 18V 
• 
105 
126 
- 
98 
124 
- 
dB 


TYPICAL PERFORmAnCE 
CHARACTERISTICS 
Distribution of Offset Voltage Drift 
with Temperature 
(Individual 
Amplifiers) 
Distribution of Offset Voltage of 
Individual Amplifiers 
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TYPICAL PERFORmAnCE 
CHARACTERISTICS 


o 


100 
300 
1000 
3k 


LOAD RESISTANCE 
(II) 


Output Short Circuit Current 
vs Time 


50 


'" 
40 
-~ 
i~ 30 
~o 
it/) 
20 


'-' 
10 
~ 
~ 
-10 


20 
~~ 
:r::..::: 
-30 
U>zu; 


125°C 


25°C 


The LT1002 dual amplifier may be inserted directly 
into OP-10, OP207, OP227 sockets with or without re- 
moval of external nulling potentiometers. 


OffsetVoltageAdjustmentThe input offset voltage of the 
LT1002, and its drift with temperature, are permanent- 
ly trimmed at wafer testing to a low level. However, if 
further adjustment of Vas is necessary, nulling with a 
10k or 20k potentiometer will not degrade drift with 
temperature. Trimming to a value other than zero cre- 
ates a drift of (Vas/300) 
/-LV1°C, e.g. if Vas is adjusted 
to 300/-LV,the change in drift will be 1/-LV1°C. The ad- 
justment range with a 10k or 20k pot is approximately 
±2.5mV. If less adjustment range is needed, the sen- 
sitivity and resolution of the nulling can be improved 
by using a smaller pot in conjunction with fixed resis- 
tors. The example has an approximate null range of 
± 100/-LV. 


In matching 
applications, 
both amplifiers 
can be 
trimmed to zero, or the offset of one amplifier can be 
trimmed to match the offset of the other. Offset adjust- 
ment, however, slightly degrades the gain, common- 
mode and power-supply rejection match between the 


two op amps. Fortunately, the guaranteed offset volt- 
age match of the LT1002 is very low, in most applica- 
tions offset adjustment will be unnecessary. 


10k 
or 
+15V 
20k 
1 (8) 


This circuit is also used as the burn-in configuration for 
the LT1002, with supply voltages increased to ±20V, 
R1=R3=20k, 
R2=200n, 
Av=100. 


Unless proper care is exercised, thermocouple effects, 
caused by temperature gradients across dissimilar 
metals at the contacts to the input terminals, can ex- 
ceed the inherent drift of the amplifier. Air currents 
should be minimized, package leads should be short, 
the two input leads should beas close together as pos- 
sible and maintained at the same temperature. 


Channel Separation 


This parameter is defined as the ratio of the change in 
input offset voltage of one amplifier to the change in 
output voltage of the other amplifier causing the offset 
change. 


At low frequencies the LT1002's channel separation is 
an almost unmeasurable 148dB. As frequency in- 
creases, pin to pin capacitance of the package, be- 
tween the output of one amplifier and the inputs of the 
other, becomes dominant. Since these pins are non- 
adjacent, the capacitance is only O.02pF.To maintain 
the LT1002's excellent channel separation at higher 
frequencies, the socket and PC board capacitances 
should be minimized. 


The device under test should be warmed up for three 
minutes and shielded from air currents. Turn the de- 
vice 180 


Q to measure the noise of side B. 
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Power supplies 


The LT1002 is specified over a wide range of power 
supply voltages from ±3V to ± 18V. Operation with 
lower supplies is possible, down to ± 1.2V (two Ni- 
Cad batteries). However,with ± 1.2V supplies, the de- 
vice is stable only in closed loop gains of +2 or higher 
(or inverting gain of one or higher). 


The V+ supply terminals are completely independent 
and may be powered by separate supplies if desired 
(this approach, however, would sacrifice the advan- 
tages of the power supply rejection ratio matching). 
The V- 
supply terminals are both connected to the 
common substrate and must be tied to the same volt- 
age. Both V- 
pins should be used. 


LT1002 


APPLICATions InFoRmATion 


Advantages of Matched Dual Op Amps In many applica- 
tions the performance of a system depends on the 
matching between two operational amplifiers rather 
than the individual characteristics of the two op amps. 
Two or three op amp instrumentation 
amplifiers, 
tracking voltage references and low drift active filters 
are some of the circuits requiring matching between 
two op amps. 


R4 
RB 


lOon 
10' 


10' 
1% 
1% 
Rl 
1% 


2,1k 


R3 
1% 


R8 
200n 


R2 
10' 
1% 
Gain = 1000 


R5 


loon 
9.76k 
1% 
R7 
1% 


R9 
2000 


The well-known triple op amp configuration illustrates 
these concepts. Output offset is a function of the dif- 
ference between the offsets of the two halves of the 
LT1002. This error cancellation principle holds for a 
considerable number of input referred parameters in 
addition to offset voltage and its drift with tempera- 
ture. Input bias current will be the average of the two 
non-inverting input currents QB+). The difference be- 
tween these two currents (Ios ) is the offset current of 
the instrumentation amplifier. The difference between 
the inverting input currents (Ios-) will cause errors 
flowing through R1, R2, and R3. Common-mode and 
power supply rejections will be dependent only on the 
match between the two amplifiers (assuming perfect 
resistor matching). 


Trim R8 for gain 
Trim R9 for DCcommon mode rejection 
Trim R10 for AC common mode rejection 


Input offset voltage = 25,.N 
Input bias current = 0.7nA 
Input resistance = 200 GQ 
Input offset current = 0.6nA 
Input noise = 0.5J,LVp-p 
Power bandwidth (Va = ± 10V) = 80kHz 


The concepts of common mode and power supply re- 
jection ratio match (~CMRR and ~PSRR) are best 
demonstrated with a numerical example: 


Assume CMRRA = + 1.0J,LVIV or 120dB, 
and CMRRB= + O.75J,LVIV or 122.5dB, 
then ~CMRR = 0.25J,LVIV or 132dB; 
if CMRRB= -0.75J,LV IV which is still 122.5dB, 
then ~CMRR = 1.75J,LVIV or 115dB. 


Clearly, the LT1002, by specifying and guaranteeing 
all of these matching parameters, can significantly 
improve the performance of matching 
dependent 
circuits. 


The LT1002 contributes less than 5% of the total drift 
with temperature, noise and long term drift of the ref- 
erence. The accuracy of the -10Voutput 
is limited by 
the matching of the two 10k resistors. 


392\l 


430k 
1% 


t% 
15k 


1% 


13 
20k 


lk 
5% 


fLV11? 


,lff 


When the upper or lower limit is exceeded the LED 
lights up. Positive feedback to one of the nulling termi- 
nals creates 5 to 20IJ. V of hysteresis on both amplifi- 
ers. This feedback changes the offset voltage of the 


LT1002 by less than 5IJ.V.Therefore, the basic accura- 
cy of the comparator is limited only by the low offset 
voltage of the LT1002. 


R4[ 
1 
(R2 
R3) 
R2+R3J 
Gain- R3 1 +"2 
R1 + R4 
+ R5 ~100 


This application utilizes the guaranteed 10mA load 
driving capability of the LT1002. The offset voltage of 
amplifier A is the offset of the configuration. Amplifier 
B provides the additional 10mA load current. When 
load resistor Rl is removed, amplifier A sinks this cur- 
rent without affecting accuracy. In the gain of 1000 
configuration shown, approximately 0.3% gain accu- 
racy can be realized. 


APPLICATions InFoRmATion 


Dead Zone Generator 
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CA 3096 TRANSISTOR ARRAY 
/ 
I 
V,• 


I 


VSET 


r-----, 
I 
I 


LM399 : 


I 
L_ 


KVD 
00000- 
99999+ 
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25k 


Dual Precision Power Supply 
(1) 0 to 10V in 100JLVSteps 
(2) 0 to 100V in 1mV Steps 


OUTPUT 1 
O-lOV 
25mA 


+15V~ 
+15 


CLAMPSfl.,K 
151< 
N914 


029 


025 


1.5k 


25k 


011 


3k 


55pF 


20pf 


30pf 
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3k 


016 
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2k 
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240 


8k 


- 
500 


IN 


+ 
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PACKAGE DESCRIPTion 
Dimensions in inches (millimeters) 
unless otherwise noted. 


14-lead 
Cavity DIP (J) 


0,065 
"i"T65iT 


'Fd 
0009-00"1 
" •••• 


I 
1 


---10-2:-~~-~-:8-01.~15~l 
II 
TYP 
~ 
(~:~~) 


• 
, 
--.-- 
--..j~ 
(3.175) 
MIN 


0325 
+0:025 
(1.905_0,381) 
0..018 :to.003 
MIN 


-0015 
(~:~~ 
~~:~~)(0457 
:to.076) 


(8255 
~~.~~) 


0.290-0.320 
0160 
I~I 
i4064I 


~ 


''j 


0008-00~2 
(0203-0305) 


0385±0025 
0100 


1+(9779 
± 06351 -I 
(2540) 


t.l.UBOTHEt(lS 


~ 


0280 
(f112) 


"'N 
0.300-0.320 
(7.620-8.128) 


0770 
0,090 
(19558) 


': ::::::: 
~p~::::: 
:I{~~~:, 


T.•••AX 
eJA 


LTl002ACJ 
125'C 
100'CIW 
LT1002CJ 


LTl002AI.U 
150'C 
lQO"CIW 
LT10021.U 


• Single Supply Operation 
Input Voltage Range Extends to Ground 
Output Swings to Ground while Sinking Current 
• Guaranteed Offset Voltage 
50llV Max. 
• Guaranteed Low Drift 
1.31lV/oCMax. 
• Guaranteed Offset Current 
0.5nA Max. 
• Guaranteed High Gain 
5mA Load Current 
1.5Million Min. 


17mA Load Current 
0.8 Million Min. 
• Guaranteed Low Supply Current 
520llA Max. 
• Supply Current can be Reduced by a Factor of 4 
• Low Voltage Noise, 0.1Hzto 10Hz 
0.55IlVp-p 
Low Current Noise- 
Better than OP-07 
• High Input Impedance 
• Guaranteed Minimum Supply Voltage 


0.07pA/Y'HZat 10Hz 
250MOMin. 


2.7VMin. 


• Low Power Sample and Hold Circuits 
• Battery Powered Precision Instrumentation 
Strain Gauge Signal Conditioners 
Thermocouple Amplifiers 
• 4mA-20mA Current Loop Transmitters 
• Active Filters 


LT1006 


Precision, Single Supply 
OpAmp 


The LT1006is the first precision single supply operational 
amplifier. Its design has been optimized for single supply 
operation with a full set of specifications at 5V.Specifica· 
tions at ± 15Vare also provided. 


The LT1006 has low offset 
voltage of 20IlV, drift 
of 
0.2IlV/oC,offset current of 120pA, gain of 2.5 million, com· 
mon-mode rejection of 114dB, and power supply rejection 
of 126dB. 


Although supply current is only 340IlA,a novel output stage 
can source or sink in excess of 20mA while retaining high 
~ 
voltage gain. Common-mode input range includes ground to 
••• 
accommodate low ground·referenced inputs from strain 
gauges or thermocouples, and output can swing to within a 
few millivolts of ground. If higher slew rate (in excess of 
Wills) or micropower operation (supply current down to 
90IlA)is required, the operating currents can be modified by 
connecting an external optional resistor to Pin8. 


For similar single supply precision dual and quad op amps, 
please see the LT1013/LT1014data sheet. For micropower 
dual and quad op amps, please see the LT1078/LT1079data 
sheet. 


LT1006 Single Supply, Micropower 
Sample and Hold 


+9V 
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'-'-I- 
Vs~5V, 
OV 
- - - 
TA~25°C 
e-e-I- 350 LT1006, TESTED_ - - 


FROMTWO RUNS 
'-I-- 
I-- 
J AND N PACKAGES - - - 
nI.., ,hlr 
U 
~ 


.., 


ACQUISITIDNTIME 
20", 
HDLD SETILING TIME 
lD", 
S·H OFFSET 
1mV 
HDLDSUPPLYCURRENT 
250pA 
SAMPLE SUPPLY CURRENT 
5.0mA 


1kHz SAMPLE RATECURRENT 
8DOpA 


SAMPLE·HOLDCDMMAND 
HIGH=SAMPlE 
LOW~HOLD 


Supply Voltage 
± 22V 
Input Voltage 
Equal to Positive Supply Voltage 
......... 
5V Below Negative Supply Voltage 
Differential 
Input Voltage 
30V 
Output Short Circuit 
Duration 
Indefinite 
Operating 
Temperature 
Range 
LT1006AM, M 
- 55°C to 125°C 
LT1006AC, C 
O°C to lO°C 
Storage Temperature 
Range 
All Devices 
- 65°C to 150°C 
Lead Temperature 
(Soldering, 
10 sec) 
300°C 


TOP VIEW 


ISY SET 
(NOTE 2) 


8 


ORDER PART 
NUMBER 


LT1006AMH 
LT1006MH 
LT1006ACH 
LT1006CH 


4 
v- 


(CASE) 


H8 PACKAGETO-S METAL CAN 


LT1006AMJ8 
LT1006MJ8 
LT1006ACJ8 
LT1006CJ8 
LT1006CN8 


6 
OUT 


S ~m'M (NOTE4) 


J8 PACKAGE 
N8 PACKAGE 


HERMETICOIP 
PLASTIC OIP 


LT1006AMIAC 
LT1006MIC 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
20 
50 
30 
80 
~V 


I':,vos 
Long Term Input Offset 
0.4 
0.5 
~V/Mo 


lITime 
Voltage Stability 


los 
Input Offset Current 
0.12 
0.5 
0.15 
0.9 
nA 


IB 
Input Bias Current 
9 
15 
10 
25 
nA 


en 
Input Noise Voltage 
0.1Hz to 10Hz 
0.55 
0.55 
~Vp-p 


Input Noise Voltage Density 
10= 10Hz (Note 3) 
23 
32 
23 
32 
nV/v'Hz 
10= 1000Hz (Note 3) 
22 
25 
22 
25 
nV/v'Hz 


in 
Input Noise Current Density 
10= 10Hz 
0.07 
0.08 
pAlv'Hz 


Input Resistance 
(Note 1) 
Differential 
Mode 
180 
400 
100 
300 
MO 
Common·Mode 
5 
4 
GO 


Input Voltage Range 
3.5 
3.8 
3.5 
3.8 
V 
0 
-0.3 
0 
-0.3 
V 


CMRR 
Common-Mode 
Rejection 
VCM= OVto 3.5V 
100 
114 
97 
112 
dB 
Ratio 


PSRR 
Power Supply Rejection 
Vs= ±2Vto 
±18V, Vo=OV 
106 
126 
103 
124 
dB 
Ratio 


AVOl 
Large Signal Voltage Gain 
Vo= 0.03V to 4V, Rl = 10k 
1.0 
2.5 
0.7 
2.0 
V/~V 
Vo=0.03V 
t03.5V, Rl = 2k 
0.5 
2.0 
0.3 
1.8 
V/~V 


Maximum Output Voltage 
Output Low, No Load 
15 
25 
15 
25 
mV 
Swing 
Output Low, 6000 to GND 
5 
10 
5 
10 
mV 
Output Low, ISINK = 1mA 
220 
350 
220 
350 
mV 
Output High, No Load 
4.0 
4.4 
4.0 
4.4 
V 
Output High, 6000 to GND 
3.4 
4.0 
3.4 
4.0 
V 


SR 
Slew Rate 
0.25 
0.4 
0.25 
0.4 
V/~s 


Is 
Supply Current 
RSET= 
00 
340 
520 
350 
570 
~A 
RSET= 180k Pin 8 to Pin 7 
90 
90 
~A 
(Note 2) 


Minimum Supply Voltage 
2.7 
2.7 
V 


ELECTRICAL CHARACTERISTICS 


Vs =5V, OV,VCM=O.1V,Vo =1.4V, - 55°C STA s 125°C, unless otherwise noted. 


LT1006AM 
LT1006M 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
40 
180 
60 
250 
~V 


t:Nos 
Input Offset Voltage Drift 
• 
0.2 
1.3 
0.3 
1.8 
~VloC 


L'lTemp 


los 
Input Offset Current 
• 
0.4 
2.0 
0.5 
4.0 
nA 


Is 
Input Bias Current 
• 
13 
25 
16 
40 
nA 


AVOL 
Large Signal Voltage Gain 
Vo=0.05Vt03.5V, 
RL= 2k 
• 
0.25 
0.8 
0.15 
0.7 
VI~V 


CMRR 
Common·Mode 
Rejection 
VCM =0.1Vto 
3.2V 
• 
90 
103 
87 
102 
dB 
Ratio 


PSRR 
Power Supply Rejection 
Vs= ±2Vto 
±18V, Vo=OV 
• 
100 
117 
97 
116 
dB 
Ratio 


Maximum Output Voltage 
Output Low, 6600 to GND 
• 
6 
15 
6 
18 
mV 
Swing 
Output High, 6000 to GND 
• 
3.2 
3.8 
3.1 
3.8 
V 


Is 
Supply Current 
• 
380 
630 
400 
680 
~ 


ELECTRICAL CHARACTERISTICS 
Vs =5V, OV,VCM=OV,Vo =1.4V,OOCSTA S 70°C, unless otherwise noted. 


LT1006A.C 
LT1006C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
30 
110 
45 
160 
~V 
LT1006N8 
• 
50 
190 
~V 


L'lVos 
Input Offset Voltage Drift 
• 
0.2 
1.3 
0.3 
1.8 
~VloC 


L'lTemp 
LT1006N8 
• 
0.5 
2.5 
~V/oC 


los 
Input Offset Current 
• 
0.25 
1.2 
0.3 
2.5 
nA 


Is 
Input Bias Current 
• 
11 
20 
12 
30 
nA 


AvoL 
Large Signal Voltage Gain 
Vo = O.04Vto 3.5V, RL= 2k 
• 
0.35 
1.3 
0.25 
1.2 
VI~V 


CMRR 
Common·Mode 
Rejection 
VCM = OVto 3.4V 
• 
96 
109 
92 
108 
dB 
Ratio 


PSRR 
Power Supply Rejection 
Vs= ±2Vto 
±18V, Vo=OV 
• 
101 
120 
97 
118 
dB 
Ratio 


Maximum Output Voltage 
Output Low, 6000 to GND 
• 
6 
13 
6 
13 
mV 
Swing 
Output High, 6000 to GND 
• 
3.3 
3.9 
3.2 
3.9 
V 


Is 
Supply Current 
• 
350 
570 
360 
620 
~ 


The • 
denotes the specifications 
which apply over the fUll operating tem· 
perature range. 


Note 3: This parameter Is tested on a sample basis only. All noise parame- 
ters are tested with Vs= ± 2.5V, Vo = OV. 


Note4: 
Optional offset nulling Is accomplished 
with a potentiometer 
con· 


nected between the trim terminals 
and the wiperto 
V-. A 10k pot (providing 
a null range of ± 6mV) is recommended 
for minimum drift of nulled offset 
voltage with temperature. 
For Increased trim resolution 
and accuracy, two 
fixed resistors can be used In conjunction 
with a smaller potentiometer. 


For example: two 4.7k resistors tied to pins 1 and 5, with a 500ll pot in the 
middle, will have a null range of ± 150~V. 


Note 1: This parameter Is guaranteed by design and Is not tested. 


Note 2: Regular operation does not require an external resistor. In order to 
program the supply current for low power or high sReed operation, connect 
an external resistor from Pin 8 to Pin 7 or from Pin 8 to Pin 4, respectively. 
Supply current specifications 
(for RSET = 180k) do not include current In 


Rser- 


LT1006AM/AC 
LT1006M/C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vas 
Input Offset Voltage 
30 
100 
50 
180 
~V 


los 
Input Offset Current 
0.1 
0.5 
0.15 
0.9 
nA 


IB 
Input Bias Current 
7.5 
12.0 
8.0 
20.0 
nA 


Input Voltage Range 
13.5 
13.8 
13.5 
13.8 
V 
-15.0 
-15.3 
-15.0 
-15.3 
V 


CMRR 
Common·Mode Rejection Ratio 
VCM= + 13.5V, -15V 
100 
117 
97 
116 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±2Vto 
±18V,Vo=OV 
106 
126 
103 
124 
dB 


AVOL 
Large Signal Voltage Gain 
Vo= ±10V,RL=2k 
1.5 
5.0 
1.2 
4.0 
V/~V 
Vo= ± 10V, RL =6000 
0.8 
1.5 
0.5 
1.0 
V/~V 


Your 
Maximum Output Voltage Swing 
RL = 2k 
±13 
±14 
±12.5 
±14 
V 


SR 
Slew Rate 
RSET = 00 
0.25 
0.4 
0.25 
0.4 
V/~s 
Rm= 3900 Pin 8 to Pin 4 
1.0 
1.2 
1.0 
1.2 
V/~s 


Is 
Supply Current 
360 
540 
360 
600 
~A 


LT1006AM 
LT1006M 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vas 
Input Offset Voltage 
• 
60 
320 
110 
460 
~V 


6Vos 
Input Offset Voltage Drift 
• 
0.5 
2.2 
0.6 
2.8 
~V/oC 


6Temp 


los 
Input Offset Current 
• 
0.2 
2.0 
0.3 
3.0 
nA 


IB 
Input Bias Current 
• 
9 
18 
11 
27 
nA 


AVOL 
Large Signal Voltage Gain 
Vo= ±10V,RL=2k 
• 
0.5 
1.5 
0.25 
1.0 
V/~V 


CMRR 
Common-Mode Rejection Ratio 
VCM = + 13V, -14.9V 
• 
97 
114 
94 
113 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±2Vto 
±18V,Vo=OV 
• 
100 
117 
97 
116 
dB 


Maximum Output Voltage Swing 
RL = 2k 
• 
±12 
± 13.8 
±11.5 
± 13.8 
V 


Is 
Supply Current 
• 
400 
650 
400 
750 
~A 


LT1006AC 
LT1006C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
50 
200 
75 
300 
~V 
LT1006N8 
80 
330 
~V 


6Vos 
Input Offset Voltage Drift 
• 
0.5 
2.2 
0.6 
2.8 
~V/oC 


6Temp 
LT1006N8 
• 
0.7 
3.5 
~V/oC 


los 
Input Offset Current 
• 
0.15 
1.0 
0.25 
2.0 
nA 


IB 
input Bias Current 
• 
8.0 
15 
10 
23 
nA 


AVOL 
Large Signal Voltage Gain 
Vo= ±10V,RL=2k 
• 
1.0 
3.0 
0.7 
2.5 
V/~V 
CMRR 
Common-Mode Rejection Ratio 
VCM = 13V, -15V 
• 
98 
116 
94 
114 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±2Vto 
±18V, Vo=OV 
• 
101 
120 
97 
118 
dB 
Maximum Output Voltage Swing 
RL=2k 
• 
±12.5 
±13.9 
±11.5 
±13.8 
V 


Is 
Supply Current 
• 
370 
600 
380 
660 
~A 


Offset Voltage 
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Voltage Gain vs Frequency 
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Large Signal Transient Response, 
Vs=±15V 


Small Signal Transient Response, 
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The LT1006is fully specified for single supply operation, 
Le., when the negative supply is OV.Input common-mode 
range includes ground; the output swings within a few 
millivolts of ground. Single supply operation, however, can 
create special difficulties, both at the input and at the out· 
put. The LT1006 has specific circuitry which addresses 
these problems. 


At the input, the driving signal can fall below OV-inadver· 
tently or on a transient basis. If the input is more than a 
few hundred millivolts below ground, two distinct prob· 
lems can occur on previous single supply designs, such as 
the LM124,LM158,OP·20,OP·21,OP·220,OP-221,OP-420: 


a) When the input is more than a diode drop below 
ground, unlimited current will flow from the substrate (V- 
terminal) to the input. This can destroy the unit. On the 
LT1006,the 4000 resistors, in series with the input (see 
schematic diagram), protect the devices even when the in- 
put is 5V below ground. 


b) When the input is more than 400mV below ground (at 
25°C), the input stage saturates (transistors 03 and 04) 


and phase reversal occurs at the output. This can cause 
lock·up in servo systems. Due to a unique phase reversal 
protection circuitry (021,022,027,028), 
the LT1006'sout· 
put does not reverse, as illustrated below, even when the 
inputs are at -1.5V. 


At the output, the aforementioned single supply designs 
either cannot swing to within 600mV of ground (OP·20)or 
cannot sink more than a few microamperes while swing· 
ing to ground (LM124, LM158).The LT1006'sall·NPN out- 
put stage maintains its low output resistance and high 
gain characteristics until the output is saturated. 


In dual supply operations, the output stage is crossover 
distortion-free. 


Since the output cannot go exactly to ground, but can only 
approach ground to within a few millivolts, care should be 
exercised to ensure that the output is not saturated. For 
example, a 1mV input signal will cause the amplifier to set 
up in its linear region in the gain 100configuration shown 
below, but is not enough to make the amplifier function 
properly in the voltage follower mode. 


LM324, 
LM35B, 
OP-20, 
OP-21 
EXHIBIT 
OUTPUT PHASE 
REVERSAL 


OUTPUT 
SATURATEO 
~5mV 


In automated production testing the output is forced to 
1.4V by the test loop; offset voltage is measured with a 
common-mode voltage of zero and the negative supply at 
zero (Pin 4). Without the test loop, these exact conditions 
cannot be achieved. The test circuit shown ensures that 
the output will never saturate even with worst·case offset 
voltages (- 250/lV over the - 55°C to 125°C range). The 
effective common-mode input is 0.3V with respect to the 
negative supply. As indicated by the common-mode rejec- 
tion specifications 
the difference is only a few microvolts 
between the two methods of offset voltage measurement. 


Test Circuit for Ollset Voltage and 
Ollset Drift with Temperature 


':' 
'RESISTORS 
MUST 
HAVE LOW 
THERMOELECTRIC 
POTENTIAL. 


"THIS 
CIRCUIT IS ALSO USED AS THE BURN-IN 
CONFIGURATION, 
WITH SUPPLY VOLTAGES 
INCREASED TO ± 20V. 


Vo= 
1000Vos 


Comparator Rise Response Time 
to 10mV, 5mV, 2mV Overdrives 
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Low Supply Operation 


The minimum guaranteed supply voltage for proper oper· 
ation of the LT1006 is 2.7V. Typical supply current at 
this voltage is 320/lA, therefore power dissipation is only 
860pW. 


Noise Testing 


For application information on noise testing and calcula· 
tions, please see the LT1007 or LT1028data sheet. 


Supply Current Programming 


Connecting an optional external resistor to Pin 8 changes 
~ 
the biasing of the LT1006in order to increase its speed or 
••• 
to decrease its power consumption. If higher slew rate is 
required, connect the external resistor from Pin 8 to Pin 4 
[see performance curves for Increasing Slew Rate (RSETto 
V-)]. For lower power consumption, inject a current into 
Pin 8 (which is approximately 60mV above V-) as shown 
on the Reducing Power Dissipation plot. This can be ac· 
complished by connecting RSETto the positive supply, or 
to save additional power, by obtaining the injected current 
from a low voltage battery. 


Comparator Applications 


The single supply operation of the LT1006and its ability to 
swing close to ground while sinking current lends itself to 
use as a precision 
comparator 
with TIL 
compatible 
output. 


Comparator Fall Response Time 
to 10mV, 5mV, 2mV Overdrives 
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Voltage Controlled Current Source with Ground 
Referred Input and Output 


SO, 
S·C 
1'·· 


TRIM 


5k 
~·C 


43.2'·· 
TRIM 
+SV 


1k 
.L 
r--c.J---, 


0.02V 
TO .V OUT- 
2·CTO~·C 
.,o.2S·C 


R,-ROSEMOUNT 
118MF 
··-TRWMAR·60.1% 
• =1% 
METAl FilM 


-< 
-2N3904 


=1% 
METAl FilM 


-1 
% METAl FilM, 
SElECTEO 


-{><>--7.C1. 


0.12% 
LINEARITY 
280,.A QUIESCENT CURRENT 
680,.AAT 
1MHz 


CATALYST 


RESEARCH CORP. 
_ 


MODEL 2736- 


2.8V 


LT1034 
1.2V 


R2 
186" 


OV TO 3V OUT: 
O°C-60°C 
:i:O.75°C 
5.76Mo 


TOTAL POWER CONSUMPTION 
sSOOp.W 
o:TRWMAR-60.1% 


RT: 
YELLOW SPRINGS INST. CO 
MODel 
44007 5k@25°C 


5V 


.----rn---, 
I!1 


1 
: 
I 
I 
I 
11 
I 


DIFFERENTIAL 
I 
1p.F 
I 


INPUT 
pC1 
(EXTERNALII 
I 
12 
I 
I 
I 
! 
I 


13 
14 
rl 
~LTCI043 
! 


0.01"', 
,.1., 
I 
t-t!!t"------...J 


-5V 


CMRR> 
l20dB 
AT DC 
CMRR> 
120dB AT 60Hz 


DUAl SUPPlY OR SINGLE 5V 
GAINz::1+R2IR1 
!Jos:al50JlV 
4Vos~2,.v,.t 
or 


COMMON-MODE INPUT VOlTAGE INCLUDES THE SUPPliES 


H8Package 
TO·5 Metal Can 
J8 Package 
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N8 Package 
Plastic DIP 


{:·~'t-{'E"~ 


""-0.'" ~~~Dk, 
r, 
6~~~0,220",=o,3.',o" 


(4191-4.699) 


t 
~~NCE 
0500-0750 
I 
1 
2 
3 
4 
0200 


(1270i 
190S) 
{~::~J-l~ 
(~:'! 


MAX 


X.{I~I:l0 


"'1 


0250",0010 


~0254) 


, 
2 
3 
4 


(~.::~::II J 


0.038-0,068 
""5-'1271 .11-- 


• Single Supply Operation 
Input Voltage Range Extends to Ground 
Output Swings to Ground while Sinking Current 
• Guaranteed Offset Voltage 
400JLVMax. 
• Guaranteed Low Drift 
3.5p.V/oC Max. 
• Guaranteed Offset Current 
0.9nA Max. 


• Guaranteed High Gain 
5mA Load Current 
1.2Million Min. 


17mA Load Current 
0.5 Million Min. 
• Guaranteed Low Supply Current 
570JLA Max. 
• Supply Current can be Reduced by a Factor of 4 
• Low Voltage Noise, 0.1Hzto 10Hz 
0.55p.Vp-p 
• Low Current Noise- 
Better than OP·07 
• High Input Impedance 
• Guaranteed Minimum Supply Voltage 


o.oapA/~ 
at 10Hz 
100MOMin. 
2.7V Min. 


• Low Power Sample and Hold Circuits 
• Battery Powered Precision Instrumentation 
Strain Gauge Signal Conditioners 
Thermocouple Amplifiers 
• 4mA-20mA Current Loop Transmitters 
• Active Filters 


LT1006S8 


Precision, Single Supply 
OpAmp 


The LT1006Sais the first precision single supply opera· 
tional amplifier. Its design has been optimized for single 
supply operation with a full set of specifications 
at 5V. 
Specifications at ± 15Vare also provided. 


The LT1006Sa has low offset voltage of aop'v, drift of 
O.7p.V/oC, offset current of 150pA, gain of 2 million, com- 
mon-mode rejection of 112dB, and power supply rejection 
of 126dB. 


Although supply current is only 350p.A, a novel output stage 
can source or sink in excess of 20mA while retaining high 
~ 
voltage gain. Common-mode input range includes ground to 
••• 
accommodate low ground-referenced inputs from strain 
gauges or thermocouples, and output can swing to within a 
few millivolts of ground. If higher slew rate (in excess of 
W/p.s) or micropower operation (supply current down to 
90p.A) is required, the operating currents can be modified by 
connecting an external optional resistor to Pina. 


For a similar single supply precision dual op amp in the SO 
package, please seethe LT1013DSadata sheet. 


LT1006 Single Supply, Micropower Sample and Hold 


+9V 


SAMPlE-HOLD 
COMMAND 
HIGH::SAMPLE 
lOW=HOLD 


ACOUISITIONTIME 
20••• 
HOLDSmllNG 
TIME 
10••• 
S·H OFFSET 
lmV 
HOLOSUPPLYCURRENT 
250"" 


SAMPLESUPPLYCURRENT 
5.QmA 
1kHz SAMPLE 
RATE. CURRENT 
800pA 
(SAMPLINGFOR20•••. 
HOLDINGFOR300•••) 
DROOPRATE 
O.5mV/ms 


Supply Voltage 
± 22V 
Input Voltage 
Equal to Positive Supply Voltage 
......... 
5V Below Negative Supply Voltage 
Differential Input Voltage 
30V 
Output Short Circuit Duration 
Indefinite 
Operating Temperature Range 
O°Cto 70°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec) 
300°C 


ORDER PART 
NUMBER 


6 
OUT 


5 
~~~M (NOTE 4) 


LT1006S8 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


vos 
Input Offset Voltage 
80 
400 
~V 


/':Nos 
Long Term Input Offset 
0.7 
~V/Mo 


""Time 
Voltage Stability 


los 
Input Offset Current 
0.15 
0.9 
nA 


Ie 
Input Bias Current 
10 
25 
nA 


en 
Input Noise Voltage 
0.1Hzt010Hz 
0.55 
~Vp-p 


Input Noise Voltage Density 
fo = 10Hz (Note 3) 
23 
32 
nV/.JHz 
fo = 1000Hz (Note 3) 
22 
25 
nV/.JHz 


in 
Input Noise Current Density 
fo= 10Hz 
0.08 
pAl.JHz 


Input Resistance 
(Note 1) 
Differential 
Mode 
100 
300 
MO 
Common-Mode 
4 
GO 


Input Voltage Range 
3.5 
3.8 
V 
0 
-0.3 
V 


CMRR 
Common-Mode Rejection Ratio 
VCM = OVto 3.5V 
97 
112 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±2Vto 
±18V, Vo=OV 
103 
124 
dB 


AVOL 
Large Signal Voltage Gain 
Vo= 0.03V to 4V, RL= 10k 
0.7 
2.0 
V/~V 
Vo= 0.03V t03.5V, RL=2k 
0.3 
1.8 
V/~V 


VOUT 
Maximum Output Voltage Swing 
Output Low, No Load 
15 
25 
mV 
Output Low, 6000 to GND 
5 
10 
mV 
Output Low, IS1NK= 1mA 
220 
350 
mV 
Output High, No Load 
4.0 
4.4 
V 
Output High, 6000 to GND 
3.4 
4.0 
V 


SR 
Slew Rate 
0.25 
0.4 
V/~s 


Is 
Supply Current 
RSET=co 
350 
570 
~A 
RSET= 180k Pin 8 to Pin 7 
90 
~ 
(Note 2) 


Minimum Supply Voltage 
2.7 
V 


- 
LT1006S8 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
100 
525 
~V 


los 
Input Offset Current 
0.15 
0.9 
nA 


16 
Input Bias Current 
8.0 
20.0 
nA 


Input Voltage Range 
13.5 
13.8 
V 
-15.0 
-15.3 
V 


CMRR 
Common·Mode Rejection Ratio 
VCM= + 13.5V, -15V 
97 
116 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±2Vto 
±18V, Vo=OV 
103 
124 
dB 


AYOL 
Large Signal Voltage Gain 
Vo= ±10V,RL=2k 
1.2 
4.0 
V/~V 
Vo = ± 10V, RL= 6000 
0.5 
1.0 
V/~V 


VOUT 
Maximum Output Voltage Swing 
RL=2k 
±12.5 
± 14 
V 


SR 
Slew Rate 
RSET='" 
0.25 
0.4 
VI~s 
Rm= 3900 Pin 8 to Pin 4 
1.0 
1.2 
VI~s 


Is 
Supply Current 
360 
600 
~A 


ELECTRICAL CHARACTERISTICS 


Vs = 5V, ov, VCM = ov, VOUT = 1.4V, ooe ~ TA ~ 7ooe, unless otherwise noted. 


LT1oo6S8 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
110 
560 
~V 


Mos 
Input Offset Voltage Drift 
• 
0.7 
3.5 
~V/oC 


lITemp 


los 
Input Offset Current 
• 
0.3 
2.5 
nA 


16 
Input Bias Current 
• 
12 
30 
nA 


AYoL 
Large Signal Voltage Gain 
Vo = 0.04V to 3.5V, RL = 2k 
• 
0.25 
1.2 
V/~V 


CMRR 
Common-Mode Rejection Ratio 
VCM= OVto 3.4V 
• 
92 
108 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±2Vto 
± 18V, Vo=OV 
• 
97 
118 
dB 


VOUT 
Maximum Output Voltage Swing 
Output Low, 6000 to GND 
• 
6 
13 
mV 
Output High, 6000 to GND 
• 
3.2 
3.9 
V 


Is 
Supply Current 
• 
360 
620 
~ 


LT100658 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
150 
730 
~V 


b.Vos 
Input Offset Voltage Drift 
• 
1.0 
4.5 
~V/oC 


b.Temp 


los 
Input Offset Current 
• 
0.25 
2.0 
nA 


IB 
Input Bias Current 
• 
10 
23 
nA 


AVOL 
Large Signal Voltage Gain 
Vo= ±10V,RL=2k 
• 
0.7 
2.5 
V/~V 


CMRR 
Common·Mode Rejection Ratio 
VCM = 13V, -15V 
• 
94 
114 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= +2Vto 
+18V, Vo=OV 
• 
97 
118 
dB 


VOUT 
Maximum Output Voltage Swing 
RL = 2k 
• 
+11.5 
±13.8 
V 


Is 
Supply Current 
• 
380 
660 
~A 


The. 
denotes the specifications 
which apply over the full operating tern· 
perature range. 


Note 1: This parameter is guaranteed by design and is nottested. 


Note 2: Regular operation does not require an external resistor. In order to 
program the supply current for low power or high speed operation, connect 
an external resistor from Pin 8 to Pin 7 or from Pin 8 to Pin 4, respectively. 
Supply current specifications 
(for RSET = 180k) do not include current in 


Rm· 


Note 3: This parameter is tested on a sample basis only. All noise parame· 
ters are tested with Vs= ± 2.5V,Vo = OV. 


Note 4: Optional offset nulling is accompiished 
with a potentiometer 
con· 
nected between the trim terminals and the wiper to V-. A 10k pot (providing 
a null range of ± 6mV) is recommended for minimum drift of nulled offset 
voltage with temperature. For increased trim resolution and accuracy, two 
fixed resistors can be used in conjunction 
with a smaller potentiometer. 


For example: two 4.7k resistors tied to pins 1 and 5, with a 500lJ pot in the 
middle, will have a null range of ± 15O~V. 


• 
Guaranteed 4.5 nVI vHz 10 Hz noise 
• 
Guaranteed 3.8 nVI vHz 1kHz noise 
• 0.1 Hz to 10 Hz noise, 60 nV p-p, typical 
• 
Guaranteed 7 million min. voltage gain, 
RL = 2kn 
• 
Guaranteed 3 million min. voltage gain, 
RL = 600n 
• 
Guaranteed 25J.LV max. offset voltage 
• 
GuaranteedO.6J.LV/oC 
max. drift with temperature 
• 
Guaranteed 11VI J.Lsecmin. slew rate (LT1037) 
• 
Guaranteed 117 dB min. CMRR 


• 
Low Noise Signal Processing 
• 
Microvolt Accuracy Threshold Detection 
• Strain Gauge Amplifiers 
• 
Direct Coupled Audio Gain Stages 
• Sine Wave Generators 
• Tape Head Preamplifiers 
• 
Microphone Preamplifiers 


LTl 007 /LTl 037 


Low Noise I High Speed 
Precision Operational 
Amplifiers 


The LT1007/LT1037 series features the lowest noise 
performance available to date for monolithic oper- 
ational amplifiers: 2.5nVI vHz wideband noise (less 
than the noise of a 400n resistor), 1If corner frequen- 
cy of 2Hz and 60nV peak to peak 0.1Hz to 10Hznoise. 
Low noise is combined with outstanding precision and 
speed specifications: 10J.LVoffsetvoltage, 0.2J.LV/oC 
drift, 130 dB common-mode and power supply rejec- 
tion, and 60MHz gain-bandwith-product 
on the de- 
compensated LT1037, which is stable for closed loop 
~ 
gains of 5 or greater. 
••• 


The voltage gain of the LT100711037 is an extremely 
high 20 million driving a 2kn load and 12 million driv- 
ing a 600n load to ± 10V. 


In the design, processing, and testing of the device, 
particular attention has been paid to the optimization 
of the entire distribution of several key parameters. 
Consequently, the specifications of even the lowest 
cost grades (the LT1007C and the LT1037C) have 
been spectacularly improved compared to equivalent 
grades of competing amplifiers. 


The sine wave generator application shown below uti- 
lizes the low noise and low distortion characteristics 
of the LT1037. 


1 
f ~ 
2~RC 


R - 
1591.5n 
± .1% 


C - 0.1.1 ±.1'll 


O.lHz to 10Hz Noise 


I 


Total Harmonic 
Distortion 
- 
< .0025% 


Noise 
- 
< .0001% 
Amplitude 
= ± 8 volts 
Output 
Frequency 
- 
1.000kHz 
lor values 


given ±.4% 


4 
6 


TIME (SECONDS) 


LTl 007 /LTl 037 


ABSOLUTE mAXimum 
RATinGS 


Supply Voltage. . . . . . . . . . . . . . . . . . . . . . .. 
± 22V 
Input Voltage 
Equal to Supply Voltage 
Output Short Circuit Duration. . . . . . . . . .. 
Indefinite 
Differential Input Current (Note 8). . . . . . . .. 
±25mA 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 
Operating Temperature Range 
LT1007/1037AM, M 
-55°C 
to 125°C 
LT100711037 AC, C 
O°C to 70°C 
Storage Temperature Range 
All Devices 
-65°C 
to 150°C 


PACKAGE/ORDER InFORmATiOn 


TOP VIEW 


VosTRIM 


8 


• 
V-ICASE) 


METAL 
CAN 
H PACKAGE 


LT1007AMH 
LT1007MH 
LT1007ACH 
LT1007CH 


LT1037AMH 
LT1037MH 
LT1037ACH 
LT1037CH 


LT1007AMJ8 LT1037AMJ8 
LT1007MJ8 
LT1037MJ8 
LT1007ACJ8 LT1037ACJ8 
LT1007CJ8 
LT1037CJ8 
LT1007ACN8 LT1037ACN8 
LT1007CN8 
LT1037CN8 


LTl007AM/AC 
LTl007M/C 
LTl037AM/AC 
lT1037M/C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
(Note 
1) 
10 
25 
20 
60 
/tV 


aVos 
Long Term Input Offset Voltage 
aTime 
Stability 
(Notes 2 and 3) 
0.2 
1.0 
0.2 
1.0 
/tV/Mo 


los 
Input 
Offset Current 
7 
30 
12 
50 
nA 


Ie 
Input 
Bias Current 
+ 10 
+35 
+ 15 
+55 
nA 


en 
Input 
Noise Voltage 
0.1Hz to 10Hz (Notes 3 and 5) 
0.06 
0.13 
0.06 
0.13 
/tVp-p 


Input 
Noise Voltage 
Density 
fo ~ 
10Hz (Notes 3 and 4) 
2.8 
4.5 
2.8 
4.5 
nV/~z 
fo ~ 
1000Hz (Note 3) 
2.5 
3.8 
2.5 
3.8 
nVI 
Hz 


in 
Input 
Noise Current 
Density 
fo 
- 
10Hz (Notes 3 and 6) 
1.5 
4.0 
1.5 
4.0 
PAl~~ 
fo 
~ 
1000Hz (Notes 3 and 6) 
0.4 
0.6 
0.4 
0.6 
pAl 
Hz 


Input 
Resistance 
- 
Common 
Mode 
7 
5 
Gll 


Input Voltage 
Range 
+11.0 
+ 12.5 
+ 11.0 
+ 12.5 
V 


CMRR 
Common 
Mode Rejection 
Ratio 
VCM~+11V 
117 
130 
110 
126 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
Vs ~ 
+ 4V to + 18V 
110 
130 
106 
126 
dB 


Avol 
Large Signal 
Voltage 
Gain 
Rl ~ 
2kll, 
Vo ~ 
± 12V 
7.0 
20.0 
5.0 
20.0 
V//tV 
Rl ~ 
1kll, Vo ~ 
± 10V 
5.0 
16.0 
3.5 
16.0 
V//tV 
Rl ~ 
600ll, 
Vo ~ 
+ 10V 
3.0 
12.0 
2.0 
12.0 
V//tV 


VOUT 
Maximum 
Output 
Voltage 
Swing 
Rl ~ 
2kll 
± 13.0 
± 13.8 
± 12.5 
± 13.5 
V 
Rl ~ 
600ll 
+11.0 
+ 12.5 
+ 10.5 
+ 12.5 
V 


SR 
Slew Rate 
LT1007 
Rl ~ 
2kll 
1.7 
2.5 
1.7 
2.5 
V//tS 
LT1037 
AVCl ~ 
5 
11 
15 
11 
15 
V//tS 


GBW 
Gain-Bandwidth 
LT1007 
fo ~ 
100kHz (Note 7) 
5.0 
8.0 
5.0 
8.0 
MHz 
Product: 
LT1037 
fo ~ 
10kHz (Note 7) (AVCl ~ 
5) 
45 
60 
45 
60 
MHz 


Zo 
Open Loop Output 
Resistance 
Vo - 
0,10 
- 
0 
70 
70 
II 


Po 
Power Dissipation 
LT1007 
80 
120 
80 
140 
mW 
LT1037 
80 
130 
85 
140 
mW 


LT1007 /LT 1037 


LTlOO7AM/LTlO37AM 
LTl 007M/LTl 
037M 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TVP 
MAX 
UNITS 


Vas 
Input 
Offset 
Voltage 
(Note 
1) 
• 
25 
60 
50 
160 
/-IV 


AVos 
Average 
Input 
Offset 
Drift 
(Note 9) 
• 
0.2 
0.6 
0.3 
1.0 
/-IV/oC 


ATemp 


los 
Input 
Offset 
Current 
• 
15 
50 
20 
85 
nA 


18 
Input 
Bias Current 
• 
±20 
±60 
±35 
±95 
nA 


Input 
Voltage 
Range 
• 
+ 10.3 
+ 11.5 
+ 10.3 
+ 11.5 
V 


CMRR 
Common 
Mode Rejection 
Ratio 
VCM 
~ 
+ 10.3V 
• 
112 
126 
104 
120 
dB 


PSRR 
Power Suppiy 
Rejection 
Ratio 
Vs ~ 
+4.5V 
to + 18V 
• 
104 
126 
100 
120 
dB 


AvoL 
Large 
Signal 
Voltage 
Gain 
RL 
;;, 
2kQ, Vo ~ 
± 10V 
• 
3.0 
14.0 
2.0 
14.0 
V//-IV 
RL 
;;, 
lkQ, Vo ~ 
± 10V 
• 
2.0 
10.0 
1.5 
10.0 
V//-IV 


Your 
Maximum 
Output 
Voltage 
Swing 
RL;;, 
2kQ 
• 


± 12.5 
± 13.5 
± 12.0 
± 13.5 
V 


P, 
Power Dissipation 
• 
100 
150 
100 
170 
mW 
Ell 


LTlOO7AC/LTlO37AC 
LT1007C/LTlO37C 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
UNITS 


Vas 
Input 
Offset 
Voltage 
(Note 
1) 
• 
20 
50 
35 
110 
/-IV 


AVos 
Average 
Input 
Offset 
Drift 
(Note 9) 
• 
0.2 
0.6 
0.3 
1.0 
/-Ivrc 
ATemp 


los 
Input 
Offset 
Current 
• 
10 
40 
15 
70 
nA 


18 
Input 
Bias Current 
• 
+ 14 
+45 
+20 
+75 
nA 


Input 
Voltage 
Range 
• 


+ 10.5 
+ 11.8 
+ 10.5 
+ 11.8 
V 


CMRR 
Common 
Mode Rejection 
Ratio 
VCM 
~ 
± 10.5V 
• 
114 
126 
106 
120 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
Vs ~ 
±4.5V 
to ± 18V 
• 
106 
126 
102 
120 
dB 


AVOL 
Large 
Signal 
Voitage 
Gain 
RL 
;;, 
2kQ, Vo ~ 
± 10V 
• 
4.0 
18.0 
2.5 
18.0 
V//-IV 
RL 
;;, 
lk!l, 
Vo ~ 
± 10V 
• 
2.5 
14.0 
2.0 
14.0 
V//-IV 


Your 
Maximum 
Output 
Voltage 
SWing 
RL 
;;, 
2kQ 
• 


+ 12.5 
+ 13.6 
+ 12.0 
+ 13.6 
V 
P, 
Power Dissipation 
• 
90 
144 
90 
160 
mW 


NOTES: 
The. 
denotes the specifications 
which apply over fUll operating 
temperature 
range. 


For MIL-STD components, 
please refer to LTC 883C data sheet for test 
listing and parameters. 


Nole 1: Input Offset Voltage measurements 
are performed by 
automatic 
test equipment approximately 
0.5 seconds after 
application 
of power. AM and AC grades are guaranteed fUlly 
warmed up. 
Nole 2: Long Term Input Offset Voltage Stability 
refers to the average 
trend line of Offset Voltage ~s.,Time over extended periods after the 
first 30 days of operation. 
Excluding the initial hour of operation, 
changes in Vos during the first 30 days are typically 
2.51J.V- 
refer 
to typical 
performance 
curve. 
Note 3: This parameter 
is tested on a sample basis only. 


Nole 4: 10Hz noise voltage density is sample tested on every lot. 
Devices 100% tested at 10Hz are available on request. 
Nole 5: See the test circuit and frequency 
response curve for O.lHz to 
10Hz tester in the Applications 
Information 
section. 


Nole 6: See the test circuit 
for current 
noise measurement 
in the 
Applications 
Information 
section. 


Nole 7: This parameter 
is guaranteed 
by design and is not tested. 
Nole 8: The inputs are protected by back-to-back 
diodes. Current 
limiting 
resistors are not used in order to achieve low noise. If 
differential 
input voltage exceeds ±0.7V, the input current should be 
limited to 25mA. 


Nole 9: The Average Input Offset Drift performance 
is within 
the 
specifications 
unnulled or when nulled with a pot having a range of 
8kU to 20kU. 
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TYPICAL PERFORmAnCE CHARAOEAISTICS 
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TYPICAL PERFORmAnCE 
CHARACTERISTICS 
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LTl037 
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APPLICATions InFoRmATion 


General 
The LT100711037 series devices may be inserted di- 
rectly into OP-07, OP-27, OP-37, and 5534 sockets 
with or without removal of external compensation or 
nulling components. In addition, the LT100711037 
may befitted to 741 sockets with the removal or modi- 
fication of external nUlling components. 


OffsetVoltageAdjustment 
The input offset voltage of the LT1007/1037 and its 
drift with temperature, are permanently trimmed at 
wafer testing to a low level. However,if further adjust- 
ment of Vas is necessary, the use of a 10k nUlling po- 
tentiometer will not degrade drift with temperature. 
Trimming to a value other than zero creates a drift of 
(Vas/300) jJ.V1°C, e.g., if Vasis adjusted to 300jJ.V,the 
change in drift will be 1jJ.V1°C. 


The adjustment range with a 10k pot is approximately 
± 2.5mV. If less adjustment range is needed, the sen- 
sitivity and resolution of the nulling can be improved 
by using a smaller pot in conjunction with fixed resis- 
tors. The example has an approximate null range of 
±200jJ.V. 


OffsetVoltageandDrift 
Thermocouple effects, caused by temperature gradi- 
ents across dissimilar metals at the contacts to the in- 
put terminals, can exceed the inherent drift of the 


amplifier unless proper care is exercised. Air currents 
should be minimized, package leads should be short, 
the two input leads should beclose together and main- 
tained at the same temperature. 


The circuit shown to measure offset voltage is also 
used as the burn-in configuration for the LT1007I 
1037, with the supply voltages increased to ± 20V. 


Tesl Circuit for Offset Voltage 
and Offsel Voltage Drift With 
Temperature 
4 


-15V 
50k" 
Vo=1000 
Vos 


"RESISTORS 
MUST 
HAVE LOW 
THERMOELECTRIC 
POTENTIAL 


Unity GainBuffer Applications(LTl007 Only) 
When Rt ~ 
100n and the input is driven with a fast, 
large signal pulse (> 1V), the output waveform will 
look as shown in the pulsed operation diagram. 


RI 
~.- 
s~ 


During the fast feedthrough-like portion of the output, 
the input protection diodes effectively short the output 
to the input and a current, limited only by the output 
short circuit protection, will be drawn by the signal 
generator. With R ;?; 500n, the output is capable of 
handling the current requirements (IL ~ 20mA at 10V) 
and the amplifier stays in its active mode and a 
smooth transition will occur. 


As with all operational amplifiers when Rt > 2kn, a 
pole will be created with Rt and the amplifier's input 
capacitance, creating additional phase shift and re- 
ducing the phase margin. A small capacitor (20pF to 
50pF) in parallel with Rt will eliminate this problem. 


Noise Testing 
The 0.1Hz to 10Hz peak-to-peak noise of the LT10071 
1037 is measured in the test circuit shown. The fre- 
quency response of this noise tester indicates that the 
0.1Hzcorner is defined by only onezero. The test time 
to measure 0.1Hz to 10Hz noise should not exceed 10 
seconds, as this time limit acts as an additional zeroto 
eliminate noise contributions from the frequency band 
below 0.1Hz. 


Measuring the typical 60nV peak-to-peak noise per- 
formance of the LT1007/1037 requires special test 
precautions: 


(a) The device should be warmed up for at least five 
minutes. As the op amp warms up, its offset volt- 
age changes typically 3,.,v due to its chip tem- 
perature 
increasing 
1Q°C to 
20°C 
from the 
moment the power supplies are turned on. In the 
10 second measurement interval these tempera- 
ture-induced effects can easily exceed tens of 
nanovolts. 


(b) For similar 
reasons, the device must be well 
shielded from air currents to eliminate the pos- 
sibility of thermoelectric effects in excess of a 
few 
nanovolts, 
which 
would 
invalidate 
the 
measurements. 


(c) Sudden motion in the vicinity of the device can 
also "feedthrough" 
to increase the observed 
noise. 


Lll 007 ILl 1037 


A noise-voltage density test is recommended when 
measuring noise on a large number of units. A 10Hz 
noise-voltage density measurement will correlate well 
with a 0.1Hzto 10Hzpeak-to-peak noise reading since 
both results are determined by the white noise and the 
location of the 1/f corner frequency. 


Current noise is measured in the circuit shown and 
calculated by the following formula: 


. _ [e2no- (130nV)2]'12 


In 
1MOx100 


The LT1007/1037 achieves its low noise, in part, by 
operating the input stage at 120J,LAversus the typical 
10J,LAof most other op amps. Voltage noise is inverse- 
ly proportional while current noise is directly propor- 
tional to the square root of the stage current. Therefore 
the LT1007/1037's 
current noise will be relatively 
high. At low frequencies, the low 1/f 
current noise 
corner frequency (=120Hz) 
minimizes current noise 
to some extent. 


In most practical applications, however, current noise 
will not limit system performance. This is illustrated in 


• DEVICE UNDER TEST 


NOTE: ALL CAPACITOR VALUES ARE FOR 
NON-POLARIZED CAPACITORS ONLY. 
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the total noise versus source resistance plot, where 
total noise = [(voltage noise)2+ (current noise X Rs)2 
+ (resistor noise)2]'h 
Three regions can be identified as a function of source 
resistance: 


Rs ~ 4000. Voltage noise dominates 


4000 ~ Rs ~ 50kO at 1kHZ} Resistor noise 
4000 ~ Rs ~ 8ko at 10Hz 
dominates 


(iii) 
Rs> 50kO at 1kHZ} Current noise 
Rs> 8kO at 10Hz 
dominates 


Clearly the LT1007/ 1037 should not be used in region 
(Hi),where total system noise is at least six times high- 
er than the voltage noise of the op amp, i.e., the low 
voltage noise specification is completely wasted. 


Gain 1000 Amplifier 
with 0.01% 
Accuracy. DC 105Hz 


The high gain and wide bandwidth 01the lTl037 and (lTlOO7) is useful in 
low frequency 
high 
closed 
loop gain amplifier 
applicatioos. 
A typical 
precision 
Op Amp may have an open loop gain of one million with 500kHz bandwidth. As the 
gain efrOf plot shows, this device is capable of 0.1' 
amplifying accuracy up to O.3Hz 


only. Even instrumentation range signals can vary at a faster rate. The lTl037's 
"gain precision - 
bandwidth product" is 200 times higher, as shown. 


+15V 
10Mn 
365n 


5% 
1% 


Positive feedback to one of the nulling terminals creates approximately 5"V of 
hysteresis. Output can sink 16mA. 


Input offset voltage Is typically changed less than 5"V due to the feedback. 


Gain Error vs Frequency 
Closed Loop Gain = 1000 
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The addition 01the LTlOO7 doubles the amplifier's output drive to ± 33mA. 
Gain accuracy is 0.02%, slightly degraded compared to above because 01 
self heating of the LT1037 under load. 
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35011bridge 
at 5V. Wtlh only 5Vacross 
the bridge (as opposed 
to lhe 
usual 
10V) total power dissipation 
and bridge warm-up 
drift 
is reduced. 
The 
bridge 
output 
signal 
is halved, 
but the LT1007 can amplify 
the reduced 
signal 
accurately. 
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• Guaranteed 4.5nV/-JHz 10Hz Noise 
• Guaranteed3.8nV/-JHz 1kHz Noise 
• 0.1 Hz to 10Hz Noise, 60nVp-p, Typical 
• Guaranteed 5 Million Min. Voltage Gain, RL= 2kO 
• Guaranteed 2 Million Min. Voltage Gain, RL= 6000 
• Guaranteed 60p,VMax. Offset Voltage 
• Guaranteed 1.0p,V/oCMax. Drift with Temperature 
• Guaranteed 11V/p,sec Min. Slew Rate (LT1037) 
• Guaranteed 110dB Min. CMRR 


• Low Noise Signal Processing 
• Microvolt 
Accuracy Threshold 
Detection 
• Strain Gauge Amplifiers 
• Direct Coupled Audio Gain Stages 
• Sine Wave Generators 
• Tape Head Preamplifiers 
• 
Microwave 
Preamplifiers 


LTl007CS/LTl 
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Low Noise, High Speed 
Precision Operational 
Amplifiers 


Next to the LT1028, the LT1007/LT1037 series features 
the 
lowest noise performance 
available to date for monolithic 
operational 
amplifiers: 
2.5nV/-JHz wideband 
noise 
(less 
than the noise of a 4000 resistor), 
1/f corner frequency 
of 
2Hz and 60nV peak to peak 0.1Hz to 10Hz noise. Low noise 
is combined 
with outstanding 
precision 
and speed speci- 
fications: 
20p,V offset 
voltage, 
0.3p,V/oC drift, 
126dB 
common-mode 
and power supply 
rejection, 
and 60MHz 
gain-bandwidth-product 
on the decompensated 
LT1037, 
~ 
which is stable for closed loop gains of 5 or greater. 
••• 


The voltage gain of the LT1007/LT1037 is an extremely 
high 
20 million 
driving a 2kO load and 12 million 
driving a 6000 
load to ± 10V. 


In the design, processing, 
and testing 
of the device, par- 
ticular 
attention 
has been paid to the optimization 
of the 
entire 
distribution 
of 
several 
key 
parameters. 
Conse- 


quently, 
the specifications 
have been spectacularly 
im- 
proved compared to competing 
amplifiers. 


The sine wave generator 
application 
shown below utilizes 
the low noise and low distortion 
characteristics 
of the 
LT1037. 
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Total Harmonic 
Distortion 
~ < .0025% 


Noise ~ < .0001% 
AmplitUde 
~ 
± 8 volts 
Output 
Frequency 
= 
1.000kHz 
for values 


given 
±.4% 


4 
6 


TIME (SECONOS) 


Supply Voltage 
± 22V 
Input Voltage 
Equal to Supply Voltage 
Output Short Circuit 
Duration 
Indefinite 
Differential 
Input Current (Note 5) 
± 25mA 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 
Operating 
Temperature 
Range 
O°C to 70°C 
Storage Temperature 
Range 
All Devices 
-65°Cto 
150°C 


LT1007CS 
LT1037CS 


PART MARKING 


LT1007CS 
LT1037CS· 


LT1007C 
LT1037C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vas 
Input Offset Voltage 
(Note 1) 
20 
60 
~V 


---'!..9L 
Long Term Input Offset Voltage 
(Notes 2 and 3) 
0.2 
1.0 
~V/Mo 


LTime 
Stability 


105 
Input Offset Current 
12 
50 
nA 


IB 
Input Bias Current 
+15 
+55 
nA 


en 
Input Noise Voltage 
0.1Hz to 10Hz (Note 3) 
0.06 
0.13 
~Vp-p 


Input Noise Voltage Density 
10= 10Hz(Note 3) 
2.8 
4.5 
nV/v'Hz 
fo = 1000Hz(Note 3) 
2.5 
3.8 
nV/v'Hz 


in 
Input Noise Current Density 
fo = 10Hz(Note 3) 
1.5 
4.0 
pA/v'Hz 
fo = 1000Hz(Note 3) 
0.4 
0.6 
pAlv'Hz 


Input Resistance-Cammon-Mode 
5 
GO 


Input Voltage Range 
+11.0 
+ 12.5 
V 


CMRR 
Common-Mode Rejection Ratio 
VcM=±11V 
110 
126 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= +4Vto 
+18V 
106 
126 
dB 


AVOL 
Large Signal Voltage Gain 
RL,,2kO, Vo= ± 12V 
5.0 
20.0 
V/~V 
RL,,1kO, Vo= ± 10V 
3.5 
16.0 
V/~V 
RL,,6000, Vo= ± 10V 
2.0 
12.0 
V/~V 


VOUT 
Maximum Output Voltage Swing 
RL,,2kO 
±12.5 
±13.5 
V 


RL>6000 
±10.5 
+ 12.5 
V 


SR 
Slew Rate 
LT1007 
RL,,2kO 
1.7 
2.5 
V/~s 


LT1037 
AVCL>5 
11 
15 
V/~s 


GBW 
Gain-Bandwidth 
LT1007 
10= 100kHz (Note 4) 
5.0 
8.0 
MHz 
Product 
LT1037 
fo = 10kHz (Note 4) (AVCL>5) 
45 
60 
MHz 


Zo 
Open Loop Output Resistance 
Vo=O,lo=O 
70 
0 


Pd 
Power Dissipation 
LT1007 
80 
140 
mW 
LT1037 
85 
140 
mW 


LT1007C/LT1037C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
(Note 1) 
- 


35 
110 
~V 


~ 
Average Input Offset Drift 
(Note 6) 
- 


0.3 
1.0 
~V/oC 


""Temp 


los 
Input Offset Current 
- 


15 
70 
nA 


Is 
Input Bias Current 
- 


±20 
±75 
nA 


Input Voltage Range 
- 


+10.5 
±11.8 
V 


CMRR 
Common·Mode Rejection Ratio 
VCM- 
+ 10.5V 
- 


106 
120 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= +4.5Vto 
+18V 
- 


102 
120 
dB 


AVOL 
Large Signal Voltage Gain 
RL2:2kll, Vo= ± 10V 
- 
2.5 
18.0 
V/~V 
RL>lkll, 
Vo= +10V 
- 


2.0 
14.0 
V/~V 


Your 
Maximum Output Voltage Swing 
RL>2kll 
- 


±12.0 
±13.6 
V 


Pd 
Power Dissipation 
- 


90 
160 
mW 


The _ denotes the specifications which apply over full operating tempera· 
ture range. 


Note 1: Input Offset Voltage measurements are performed by automatic 
test equipment approximately 0.5 seconds after application of power. 


Note 2: Long Term Input Offset Voltage Stability refers to the average trend 
line of Offset Voltage vs. Time over extended periods after the first 30 days 
of operation. Excluding the initial hour of operation,changes in Vasduring 
the first 30 days are typically 2.5~V. 


Note 3: This parameter is tested on a sample basis only. 


Note 4: This parameter is guaranteed by design and is not tested. 


Note 5: The inputs are protected by back·to·back diodes. Current limiting 
resistors are not used in order to achieve low noise. If differential input volt· 
age exceeds ± 0.7V, the input current should be limited to 25mA. 


Note 6: The Average Input Offset Drift performance is within the specifica· 
tions unnulled or when nulled with a pot having a range of 8kll to 20kll. 


• 
Guaranteed Bias Current 
25°C. . . . . . . . . . . . . . . .. 
.. 100pA max. 


-55°C 
to 125°C 
.600pA max. 


• 
Guaranteed Offset Voltage 
120llV max. 
• 
GuaranteedDrift 
. 
. 1.5IlV/oC max. 


• 
Low Noise, 0.1Hz to 10Hz. 
. ... 
0.5IlVp-p 
• 
Guaranteed Low Supply Current 
.600llA max. 


• 
Guaranteed CMRR 
114 dB min. 


• 
Guaranteed PSRR 
114 db min. 


• 
Guaranteed Voltage Gain with 5mA 
load current 


• 
Precision instrumentation 
• 
Charge integrators 
• Wide dynamic range logarithmic amplifiers 
• 
Light meters 
• 
Low frequency active filters 
• Standard cell buffers 
• Thermocouple amplifiers 


LT1008 
Picoamp Input Current, 


Microvolt Offset I 


Low Noise Op Amp 


DESCRIPTiOn 


The LT1008 is a universal precision operational ampli- 
fier which can be used in practically all precision ap- 
plications. The LT1008 combines for the first time 
picoampere bias currents (which are maintained over 
the full - 55°Cto 125°Ctemperature range) microvolt 
offset voltage (and low drift with time and tempera- 
ture), low voltage and current noise, and low power 
dissipation. Extremely high common-mode and power 
supply rejection ratios, and the ability to deliver 5mA 
~ 
load current with high voltage gain round out the 
••• 
LT1008's superb precision specifications. 


The all around excellence of the LT1008 eliminates the 
necessity of the time consuming error analysis proce- 
dure of precision system design in many applications; 
the LT1008 can be stocked as the universal precision 
op amp. 


The LT1008 is externally compensated with a single 
capacitor for additional flexibility in shaping the fre- 
quency response of the amplifier. It plugs into and up- 
grades all standard LM108A/308A applications. For 
an internally compensated version with even lower 
offset voltage but otherwise similar performance see 
the LT1012. 
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CONVERTER 


This application 
requires 
low bias current 
and offset 
voltage, 
low 
noise, 
and low drift 
with 
time 
and 


temperature. 


LT1008 


ABSOLUTE mAXimum 
RATinG 
PACKAGE/ORDER 
InFORmATion 


Supply Voltage. . . . . . . . . . . . . . . . . . . . . . .. 
±20V 
Differential Input Current (Note 1) 
± 10mA 
Input Voltage. . . . . . . . . . . . . . . . . . . . . . . .. 
±20V 
Output Short Circuit Duration. . . . . . . . . .. 
Indefinite 
Operating Temperature Range 
LT1008M 
-55°C 
to 125°C 
LT1008C 
O°C to 70°C 
Storage Temperature Range 
All Devices 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


TOP VIEW 


COMP 


2 
LT1008MH 
LT1008CH 


4 
5 
NC 


V-(CASE) 


METAL 
CAN H PACKAGE 


COMP1 
-IN 


+IN 
V- 188COMP2 
2 
7 
V+ 


3 
:; 
6 
OUT 


4 
5 
NC 


m008M 
m008C 
SYM80L 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VAS 
Input Offset Voltage 
30 
120 
30 
120 
"V 
Note 2 
40 
180 
40 
180 
"V 
Long Term Input Offset Voltage 
Stability 
0.3 
0.3 
"V/month 


los 
Input Offset Current 
30 
100 
30 
100 
pA 
Note 2 
40 
150 
40 
150 
pA 


Ie 
Input Bias Current 
±30 
± 100 
±30 
± 100 
pA 
Note 2 
+40 
+ 150 
+40 
+150 
pA 


en 
Input Noise Voltage 
0.1Hz to 10Hz 
0.5 
0.5 
"Vp-p 


en 
Input Noise Voltage 
Density 
fa - 
10Hz (Note 3) 
17 
30 
17 
30 
nVVHz 


fa = 1000Hz (Note 4) 
14 
22 
14 
22 
nVVHz 


in 
Input Noise Current 
Density 
fa - 
10Hz 
20 
20 
fA/VHz 


AVOL 
Large Signal 
Voltage 
Gain 
Your - 
± 12V, RL ;;. 
10kfl 
200 
2000 
200 
2000 
V/mV 
Your ~ 
+ 10V, RL ;;. 
2kfl 
120 
600 
120 
600 
V/mV 


CMRR 
Common 
Mode Rejection 
Ratio 
VCM 
~ 
+ 13.5V 
114 
132 
114 
132 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
Vs - 
+2Vto 
+20V 
114 
132 
114 
132 
dB 


Input Voltage 
Range 
+ 13.5 
+ 14.0 
+ 13.5 
+ 14.0 
V 


Your 
Output 
Voltage 
SWing 
RL - 
10kfl 
+13 
+14 
+ 13 
+14 
V 


Slew Rate 
C, - 
30pF 
0.1 
0.2 
0.1 
0.2 
V/"sec 


Is 
Supply 
Current 
Note 2 
380 
600 
380 
600 
"A 


.••••.••.••••••.••••••.••••• 
-. ••• 
-. .•••.••••••••••.••••• 
Vs = :!: lav. 
VeM = UV. U-Ii 
~ 
IA ~ 
IU-Ii 
lOr me 
LllUUlIli 
ana 


-55°e 
< TA < 125°e for the LTl008M. unless otherwise noted. 


LT1008M 
LT1008C 
SYM80L 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
50 
250 
40 
180 
I'V 
Note 2 
• 
60 
320 
50 
250 
I'V 
Average Temperature Coefficient of 
I'V/oC 
Input Offset Voltage 
• 
0.2 
1.5 
0.2 
1.5 


'vv 
Input 
OUoot 
c..... 
,.o •.•t 
· 


00 
000 
~o 
100 
"" 
Note 2 . 
• 
80 
350 
50 
250 
pA 


Average Temperature Coefficient of 
pA/oC 
Input Offset Current 
• 
0.4 
2.5 
0.4 
2.5 


IB 
Input Bias Current 
• 
±80 
±600 
±40 
± 180 
pA 
Note 2 
• 
± 150 
±800 
±50 
±250 
pA 


Average Temperature Coefficient of 
Input Bias Current 
• 
06 
60 
0.4 
2.5 
pAloC 
/Jw.. 
Large Signal Voltage Gain 
VOUT ~ 
± 
12V, Rl ••• 
10kfl 
• 
100 
1000 
150 
1500 
V/mV 


CMRR 
Common Mode Rejection Ratio 
VCM 
~ 
+ 13.5V 
• 
108 
128 
110 
130 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs ~ 
+2.5V 
to +20V 
• 
108 
126 
110 
128 
dB 


Input Voltage Range 
• 
+ 13.5 
± 13.5 
V 


VOUT 
Output Voltage Swing 
Rl 
~ 
10kn 
• 
±13 
±14 
±13 
±14 
V 


Is 
Supply Current 
• 
400 
800 
400 
800 
I'A 


The. 
denotes 
the specifications 
which 
apply 
over the full operating 
temperature 
range. 


Note 1: Differential 
input 
voltages 
greater 
than 
IV will 
cause 
excessive 
current 
to flow 
through 
the input 
protection 
diodes 
unless 
current 
limiting 
resistors 
are used. 


Note 2: These 
specifications 
apply 
for 
± 2V < Vs < ± 20V (± 2.5V < Vs < ± 20V over the temperature 
range) 
and 
-13.5V 
< VCM < 13.5V 
(for 
Vs = ±15V). 


Note 3: 10Hz noise 
voltage 
density 
is sample 
tested 
on every 
lot. Devices 
100"10 tested 
at IOHz are available 
on request. 


Note 4: This 
parameter 
is tested 
on a sample 
basis 
only. 


+V1N 
+V1N 


Rl Co 


C''''Rl+R2 


c," 
Co ~ 
30pF 


•• 
BANDWIDTH 
AND 
SLEW 
RATE 
ARE 
• IMPROVES 
REJECTION 
OF POWER 
PROPORTIONAL 
TO llC, 
SUPPLY 
NOISE 
BY A FACTOR 
OF 5 . 


•• 
BANDWIDTH 
AND 
SLEW 
RATE 
ARE 
PROPORTIONAL 
TO 1/Cs 


FOR 
:~ 
> 200 
NO EXTERNAL 
FREQUENCY 
COMPENSATION 
IS NECESSARY 
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Represealallve 
Units 
10 


:;: 
w 
'"1! 
~ 
tu 


~ -2 
z 
~ -4 


~ -6 


r 
'-... 
- 
-- 


-10 o 
2 
3 
TIME (MONTHS) 


25°C 
125°C 


-55°C 


.~Vel' ,;. 


-60 
-15 
-10 
- 5 
0 
5 
10 
COMMON-MOOE 
INPUT VOLTAGE 


offsel Voltage Drift with Temperalure 
of Four Represenlallve 
Units 
60 


40 


~ 
20 
w 
'"1! 
~ 
tu 
tt -20 
o 


-60-so 
-25 
0 
25 
so 
75 
100 
125 


TEMPERATURE(°C) 


oulpul SharI Circuit Currenl va Time 
15 


12 


9 


6 


3 


o 


-3 
-6 


-9 


-55°C 


25°C 


125°( 


25°C 


25°C 
..- 
55°C 


-15 
o 
1 
2 
3 
TIME FROM OUTPUT SHOAT (MINUTES) 


0.1 Hz 10 10Hz Noise 
Noise Speclrum 
1000 
TA=2SoC 
~~ 
Z 
Vs± 
2V to ± 20V 
0in 
-;;~ 
2' 
s::=.. 


0 
~~100 
I 


en!:!? 
ZZ 
WW 
00 
W 
WW 
'"~ 


U)U) 


0 
~~ 
10 
> 
w>- 
~ 
",Z 
«W 
0 
>-a: 
Z 
...Ja: 
0:::> 
>u 


1 
4 
6 
10 
1 
10 
100 
1000 
TIME (SECONOS) 
FREQUENCY 
(Hz) 


Gain. Phase Shift vs Frequency 
Voltage Gain vs Frequency 
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Slew Rale vs Compensation Capacitance 
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T, 
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COMPENSATION 
CAPACITOR 
(pF) 


ing connections to the inverting input at pin 2. Guard- 
ing both sides of the printed circuit board is required. 
Bulk leakage reduction depends on the guard ring 
width. Nanoampere level leakage into the compensa- 
tion terminals can affect offset voltage and drift with 
temperature. 


In order to realize the picoampere - 
microvolt level 
accuracy of the LT1008, proper care must be exer- 
cised. Forexample, leakage currents in circuitry exter- 
na~ to 
the 
op 
amp 
can 
significantly 
degrade 
performance. High quality insulation should be used 
(e.g. Teflon, Kel-F); cleaning of all insulating surfaces 
to remove fluxes and other residues will probably be 
required. Surface coating may be necessary to pro- 
vide a moisture barrier in high humidity environments. 


Board leakage can be minimized by encircling the in- 
put circuitry with a guard ring operated at a potential 
close to that of the inputs: in inverting configurations 
the guard ring should betied to ground, in non-invert- 


The LT1008 is specified over a wide range of power- 
supply voltages from ± 2V to ± 18V. Operation with 
lower supplies is possible down to ± 1.0V (two Ni-Cad- 
batteries). 


Microvolt level error voltages can also be generated in 
the external circuitry. Thermocouple effects caused by 
temperature gradients across dissimilar metals at the 
contacts to the input terminals can exceed the inher- 
ent drift of the amplifier. Air currents over device leads 
should be minimized, package leads should be short, 
and the two input leads should beas close together as 
possible and maintained at the same temperature. 


Test Circuit for Offset Voltage and its Drift with Temperature 


R1 
·50k 


The 0.1Hz to 10Hzpeak-to-peak noise ofthe LT1008 is 
measured in the test circuit shown. The frequency re- 
sponse of this noise tester indicates that the 0.1Hz 
corner is defined by only one zero. The test time to 
measure 0.1Hz to 10Hz noise should not exceed 10 
seconds, as this time limit acts as an additional zero to 
eliminate noise contributions from the frequency band 
below 0.1Hz. 


•• 
THIS CIRCUIT IS ALSO USED AS THE BURN-IN 
CONfiGURATION 
fOR THE LT100B, 
WITH SUPPLY 


VOLTAGES INCREASED TO ± 20V, 
Rl = R3=20k 


R2=2001J, 
Av=100. 


A noise-voltage density test is recommended when 
measuring noise on a large number of units. A 10Hz 
noise-voltage density measurement will correlate well 
with a 0.1Hz to 10Hzpeak-to-peak noise reading since 
both results are determined by the white noise and the 
location of the 1If corner frequency. 
Current noise is measured in the circuit shown and 
calculated by the following formula where the noise of 
the source resistors is subtracted. 


. 
[e2no - 
(820nV)2]'h 


In = 
40Mn X 100 


• 
LT1006 
DEVICE UNDER TEST 


NOTE: ALL CAPACITOR VALUES ARE fOR 
NON-POLARIZED 
CAPACITORS 
ONLY. 


LT1008 


APPLICATions InFoRmATion 


Frequency Compensation 


The LT1008 is externally frequency compensated with 
a single capacitor. 
The two standard 
compensation 
circuits 
shown on page 3 are identical to the LM 108A I 
308A frequency 
compensation 
schemes. 
Therefore, 


the LT1008 operational 
amplifiers 
can be inserted di- 
rectly 
into LM108A/308A 
sockets, 
with 
similar 
AC 
and upgraded DC performance. 


External 
frequency 
compensation 
provides 
the user 
with additional 
flexibility 
in shaping the frequency 
re- 
sponse of the amplifier. For example, for a voltage gain 
of ten, and Cf = 3pF, a gain bandwidth 
product 
of 
5MHz and slew rate of 1.2V I,usec can be realized. For 
closed loop gains in excess of 200, no external com- 
pensation 
is necessary, 
and slew rate increases 
to 
4V I ,usec. The LT1008 can also be overcompensated 
(i.e. Cf > 30pF or Cs > 100pF) to improve ?apacitive 
load handling 
capability 
or to narrow 
nOIse band- 


Inverter Feedtorward Compensation 


C2 
5 pF 


Follower Feedtorward Compensation 


30pF 


1000pF 


• SOURCE RESISTANCE", 
15k FOR STABILITY 


width. In many applications, 
the feedback loop around 
the amplifier 
has gain (e.g. logarithmic 
amplifiers); 
overcompensation 
can stabilize these circuits 
with a 
single capacitor. 


The availability 
of the compensation 
terminals 
permits 
the use of feedforward frequency 
compensation 
to en- 
hance slew rate in low closed loop gain configurations. 
The inverter slew rate is increased to 1.4V I,usec. The 
voltage 
follower 
feedforward 
scheme 
bypasses 
the 
amplifier's 
gain stages and slews at nearly 10V l,usec. 


The inputs of the LT1008 are protected with back-to- 
back diodes. Current limiting 
resistors 
are not used, 


because the leakage of these resistors would prevent 
the realization of picoampere level bias currents at ele- 
vated temperatures. 
In the voltage follower configura- 
tion, when the input is driven by a fast, large si.gnal 
pulse (> 1V), the input protection 
diodes effectively 
short the output to the input during slewing, and a cur- 
rent, limited only by the output short circuit protection 
will flow through the diodes. 


The use of a feedback resistor, as shown in the voltage 
follower, 
feedforward 
diagram, 
is recommended 
be- 
cause this resistor keeps the current 
below the short 
circuit limit, resulting in faster recovery and settling of 
the output. 


+ - 
TEL. 
LABS, 
TYPE 081 
• 
- 
1% FILM 
RESISTOR 
01 
- 
2N2979 


Amplifier for Bridge Transducers 


RS 
S6M 


-= 
Low bias current and offset voltage of the LT1006 allow 4'12 decades 
of voltage input logging. 


Saturated Standard Cell Amplifier 


+1SV 


The lypical30pA 
bias current of the LT1006 will degrade the standard 
cell by only 1 ppm/year. 
Noise is a fraction 
of a ppm. Unprotected' 


gate MOSFET isolates standard 
cell on power down. 


1S.7k· 


OUTPUT 


Approximate 
error due to noise, bias current, common-mode 
rejection, 
voltage gain of the amplifier 
is 1/5 of a least significant 
bit. 


1.01823SV 


SATURATEO 
STANDARD 
CELL 


"101 
EPPLEY 
LABS 


NEWPORT, 
R.1. 


10V 


lOOk t 
KELVIN.vARLEY 
DIVIDER 


ESI "DP311 
00000 
- 


99999 + 1 


Extended Range Charge Pump Voltage to Frequency Conv'}rter 


+ 15:0:1 
OPTIONAL 


-15V] 
22M 
.01Hz TRIM 


VOLTAGE 
INPUT 


0-10V 


ALL OIOOES 
lN4148 
.1% 
METAL FILM RESISTOR 
0.01Hz 
to 10kHz 


FREQUENCY 
OUTPUT 


The LT1008 integrator extends low frequency 
range. Total 
dynamic range is 0.01Hz to 10kHz (or 120dB) with 0.01% linearity. 


• OPTO-MOS 
SWITCH 


TYPE OFM1A 
THETA-J 
CORP. 


This circuit is useful where fast signal acquisition 
and 
high precision are required, as in electronic scales. 


The filter's 
time constant 
is set by the 2KQ resistor 
and the 1IJF capacitor until comparator 
#1 
switches. 


The time constant 
is then set by the 1.5MQ 
resistor 
and the 
1IJF capacitor. 
Comparator 
#2 
provides 
a 
quick reset. 


The circuit settles to a final value three times as fast as 
a simple 1.5MQ - 
1IJFfilter, with almost no DC error. 
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Ammeter measures currents from 100pA to 100J,LA 
without the use of expensive high value resistors. Ac- 
curacy at 100J,LA is limited by the offset voltage be- 
tween 01 and 02 and, at 100pA, by the inverting bias 
current of the LT1008. 
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• 20MHz Bandwidth 
• 
75VIJls Slew Rate 
• Drives ± 10Vinto 750 
• 5mA Quiescent Current 
• 
Drives Capacitive Loads> 1JlF 
• Current and Thermal Limit 
• Operates from Single Supply ~4.5V 
• Very Low Distortion Operation 


• Boost Op Amp Output 
• Isolate Capacitive Loads 
• Drive Long Cables 
• Audio Amplifiers 
• Video Amplifiers 
• 
Power Small Motors 
• Operational Power Supply 
• 
FET Driver 


LT1010 


Fast ±150mA Power Buffer 


DESCRIPTiOn 


The LT1010is a fast, unity-gain buffer that can increase 
the output capability of existing IC op amps by more than 
an order of magnitude. This easy-to-use part makes fast 
amplifiers less sensitive to capacitive loading, reduces 
thermal feedback in precision dc amplifiers and is recom- 
mended for a wide range of fast and slow applications. 


Designed to be incorporated within the feedback loop, the 
buffer can isolate almost any reactive load. Internal 
operating currents are essentially unaffected by supply or 
output voltage, accounting for the 4.5V to 40V supply volt- 
age range with unchanged specifications. 
Single-supply EI 
operation is also practical. 


This monolithic IC is supplied in an a-pin miniDIP and three 
standard power packages: the solid kovar base TO-5 
(T0-39),the steel TO-3and the plastic TO-220.The low ther- 
mal resistance power packages are an aid in reducing 
operating junction temperatures. With the TO-3, TO-220, 
and miniDIP packages, an option is available to raise 
quiescent current and improve speed. The miniDIP version 
is supplied for those applications not requiring high power 
dissipation or where board space is a premium. 


In the TO-39 package, the LT1010can sometimes replace 
the hybrid LH0002.With the exception of speed it exceeds 
key specifications and fault protection is vastly superior. 
Further, the lower thermal resistance package and higher 
maximum operating temperature of the new monolithic 
circuit allow more usable output. 


Total Supply Voltage 
±22V 
Continuous Output Current 
± 150mA 
Continuous 
Power Dissipation (Note 1) 
LT1010MK 
5.0W 
LT1010CK 
A.OW 
LT1010CT 
4.0W 
LT1010MH 
3.1W 
LT1010CH 
2.5W 
LT1010CN8 
0.75W 


PRECOnDITiOninG 


Input Current (Note 2) 
±40mA 
Operating Junction Temperature 
LT1010M 
- 55°C to 150°C 
LT1010C 
O°C to 125°C 
Storage Temperature 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300oC 


BOTIOM VIEW 
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INPUT~~)V+ 
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(. ~12 
o 
::: 0 
V-(CASE) 
4,-, t.!'3 


OUTPUT~~BIAS 


K PACKAGE 


HEAD 
TO·3 METAL CAN 
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ORDER PART 
NUMBER 


LT1010MK 
LT1010CK 


LT1010MH 
LT1010CH 


V-(CASE) 


H PACKAGE 
HEAD 
TO-39 METAL CAN 


(KOVAR BASE) 


~CJ7~~~ 
00''' 
o 
i 
:~I:S(TAB) 


10 
INPUT 


T PACKAGE 


5-LEAD TD-220 PLASTIC 


ORDER PART 
NUMBER 


LT1010CT 


LT1010M 
LT1010C 
SYMBOL 
PARAMETER 
CON OITIONS (NOTE 3) 
MIN 
MAX 
MIN 
MAX 
UNITS 


Vos 
Output Offset Voltage 
Note3 
20 
110 
0 
150 
mV 
- 


-10 
220 
-20 
220 
mV 
Vs= ±15V, VIN=O 
40 
90 
20 
100 
mV 


IB 
Input Bias Current 
10UT=0 
0 
150 
0 
250 
~A 
lOUT"150mA 
0 
250 
0 
500 
~A 
• 
0 
300 
0 
800 
~A 


Av 
Large Signal Voltage Gain 
• 
0.995 
1.00 
0.995 
1.00 
VN 


ROUT 
Output Resistance 
10UT=± 1mA 
6 
9 
5 
10 
0 
10UT=±150mA 
6 
9 
5 
10 
0 
• 
12 
12 
0 


Slew Rate 
Vs= ±15V,V1N= ±10V 
VOUT=±8V, RL= 1000 
75 
75 
Vf~s 


Vsos+ 
Positive Saturation Offset 
Note 4, lOUT= 0 
1.0 
1.0 
V 
- 


1.1 
1.1 
V 


Vsos- 
Negative Saturation Offset 
Note 4, lOUT= 0 
0.2 
0.2 
V 
- 


0.3 
0.3 
V 


RSAT 
Saturation Resistance 
Note 4, lOUT= ± 150mA 
18 
22 
0 
- 


24 
28 
0 


VB1AS 
Bias Terminal Voltage 
Note 5, RB1As= 2011 
750 
810 
700 
840 
mV 
- 
560 
925 
560 
880 
mV 


Is 
Supply Current 
lOUT= 0, IB1AS= 0 
8 
9 
mA 
- 


9 
10 
mA 


Note 1: For case temperatures above 25°C, dissipation 
must be derated 
based on a thermal resistance of 25°Crw with the K and T packages, 
40°Crw with the H package, and 130°Crw for N8 package for ambient 
temperatures above 25°C. See applications 
information. 


Note 2: In current limit or thermal limit, input current increases sharply 
with input-output differentials 
greater than 8V; so input current must be 
limited. Input current also rises rapidly for input voltages 8V above V+ or 
0.5V below V- . 


Note 3: Specifications 
apply for 4.5V "Vs,,40V, 
V- + 0.5V "V1N" V+ -1.5V 
and lOUT= 0, unless otherwise stated. Temperature range is 
- 55°C"Ti" 
150°C, Tc" 125°C, for the LT1010M and O°C"Ti" 
125°C, 


Tc" 100°C, for the LT1010C.The _ denotes the specifications 
that apply 
over the full temperature range. 


Ell 


Note 4: The output saturation characteristics 
are measured with 100mV 
output clipping. See applications 
information 
for determining available 
output swing and input drive requirements for a given load. 


Note 5: With the TO-3 and TO-220 packages, output stage quiescent cur· 
rent can be increased by connecting a resistor between the bias pin and V+. 
The increase is equal to the bias terminal voltage divided by this 
resistance. 
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APPLICATions InFoRmATion 


General 


These notes briefly describe the LT1010and how it is used; 
a detailed explanation is given elsewhere·. Emphasis here 
will be on practical suggestions that have resulted from 
working extensively with the part over a wide range of 
conditions. A number of applications are also outlined 
that demonstrate the usefulness of the buffer beyond that 
of driving a heavy load. 


Design Concept 


The schematic below describes the basic elements of the 
buffer 
design. The op amp drives the output 
sink 
transistor, 03, such that the collector current of the output 
follower, 02, never drops below the quiescent value 
(determined by 11 and the area ratio of D1and D2).As a re- 
sult, the high frequency response is essentially that of a 
simple follower even when 03 is supplying the load cur· 
rent. The internal feedback loop is isolated from the ef- 
fects of capacitive loading by a small resistor in the output 
lead. 


The scheme is not perfect in that the rate of rise of sink 
current is noticeably less than for source current. This can 
be mitigated by connecting a resistor between the bias 
terminal and V+, raising quiescent current. A feature of 
the final design is that the output resistance is largely 
independent of the follower quiescent current or the out- 
put load current. The output will also swing to the nega· 
tive rail, which is particularly useful with single-supply 
operation. 


'R. J. Widlar, "Unique IC Buffer Enhances Op Amp Designs; Tames Fast 
Amplifiers," Linear TechnoJogyCorp. 
TP·l, April, 1984. 


Equivalent Circuit 


Below 1MHz, the LT1010is quite accurately represented 
by the equivalent circuit shown here for both small and 
large signal operation. The internal element, A1, is an ide· 
alized buffer with the unloaded gain specified for the 
LT1010.Otherwise, it has zero offset voltage, bias current 
and output resistance. Its output also saturates to the in- 
ternal supply terminals t. 
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ROUT 
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Ell 
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Loaded voltage gain can be determined from the unloaded 
gain, Av, the output resistance, ROUT,and the load reo 
sistance, RL,using: 


A 
Av RL 
VL= ROUT+ RL 


Maximum positive output swing is given by: 


VOUT+ = _(V_+_-_VS_OS_+_) 
R_L 
RSAT+RL 


The input swing required for this output is: 


VIN+=VOUT+ (1+R~~T) 
-VOS+dVOS, 


where dVos is the 100mVclipping specified for the satura· 
tion measurements. Negative output swing and input drive 
requirements are similarly determined. 


Supply Bypass 


The buffer is no more sensitive to supply bypassing than 
slower op amps, as far as stability is concerned. The O.1/lF 
disc ceramic capacitors 
usually recommended for op 
amps are certainly adequate for low frequency work. As al· 
ways, keeping the capacitor leads short and using a 
ground plane is prudent, especially when operating at 
high frequencies. 


The buffer slew rate can be reduced by inadequate supply 
bypass. With output current changes much above 100mAl 
/ls, using 10/lFsolid tantalum capacitors on both supplies 
is good practice, although bypassing from the positive to 
the negative supply may suffice. 


When used in conjunction with an op amp and heavily 
loaded (resistive or capacitive), the buffer can couple into 
supply leads common to the op amp causing stability 
problems with the overall loop and extended settling time. 
Adequate bypassing can usually be provided by 10/lFsolid 
tantalum capacitors. Alternately, smaller capacitors could 
be used with decoupling resistors. Sometimes the op amp 
has much better high frequency rejection on one supply, 
so bypass requirements are less on this supply. 


Power Dissipation 


In many applications, the LT1010will require heat sinking. 
Thermal resistance, junction to still air is 150°CIW for the 
TO-39package, 100°CIW for the TO·220package, 600CIW 
for the TO·3 package, and 130°CIW for the miniDIP pack· 
age. Circulating air, a heat sink, or mounting the package 
to a printed circuit board will reduce thermal resistance. 


In dc circuits, buffer dissipation is easily computed. In ac 
circuits, signal waveshape and the nature of the load 
determine dissipation. Peak dissipation can be several 


times average with reactive loads. It is particularly im· 
portant to determine dissipation when driving large load 
capacitance. 


With ac loading, power is divided between the two output 
transistors. This reduces the effective thermal resistance, 
junction to case, to 30°CIW for the TO-39 package and 
WCIW 
for the TO·3and TO·220packages, as long as the 
peak rating of neither output transistor is exceeded. The 
typical curves indicate the peak dissipation capabilities of 
one output transistor. 


Overload Protection 


The LT1010has both instantaneous current limit and ther· 
mal overload protection. Foldback current limiting has not 
been used, enabling the buffer to drive complex loads 
without limiting. Because of this, it is capable of power 
dissipation in excess of its continuous ratings. 


Normally, thermal overload protection will limit dissipa- 
tion and prevent damage. However, with more than 30V 
across the conducting output transistor, thermal limiting 
is not quick enough to insure protection in current limit. 
The thermal protection is effective with 40V across the 
conducting output transistor as long as the load current is 
otherwise limited to 150mA. 


Drive Impedance 


When driving capacitive loads, the LT1010likes to bedriven 
from a low source impedance at high frequencies. Certain 
low power op amps (e.g.,the LM10)are marginal in this re- 
spect. Some care may be required to avoid oscillations, 
especially at low temperatures. 


Bypassing the buffer input with more than 200pFwill solve 
the problem. Raising the operating current also works, but 
this cannot bedone with the TO·39package. 


VOUT 
!aIOUT 


Parallel operation provides reduced output impedance, 
more drive capability and increased frequency response 
under load. Any number of buffers can be directly paral· 
leled as long as the increased dissipation in individual 
units caused by mismatches of output resistance and off· 
set voltage is taken into account. 


When the inputs and outputs of two buffers are connected 
together, a current, ~loUT,flows between the outputs: 


VOS1- VOS2 


~IOUT= 
, 
ROUT1+ ROUT2 


where Vos and ROUTare the offset voltage and output reo 
sistance of the respective buffers. 


Normally, the negative supply current of one unit will in· 
crease and the other decrease, with the positive supply 
current staying the same. The worst case (VIN-V+) 
increase in standby dissipation can be assumed to be 
~IOUTVT,where VTis the total supply voltage. 


Offset voltage is specified worst case over a range of sup· 
ply voltages, input voltage and temperature. It would be 
unrealistic to use these worst case numbers above be· 
cause paralleled units are operating under identical condi· 
tions. The offset voltage specified for Vs= ± 15V,VIN= 0 
and TA= 25°C will suffice for a worst case condition. 


Output load current will be divided based on the output 
resistance of the individual buffers. Therefore, the avail· 
able output current will not quite be doubled unless output 
resistances are matched. As for offset voltage, the 25°C 
limits should be used for worst case calculations. 


Parallel operation is not thermally unstable. Should one 
unit get hotter than its mates, its share of the output and 
its standby dissipation will decrease. 


As a practical matter, parallel connection needs only some 
increased attention to heat sinking. In some applications, 
a few ohms equalization resistance in each output may be 
wise. Only the most demanding applications should reo 
quire matching, and then just of output resistance at 
25°C. 


The inverting amplifier above shows the recommended 
method of isolating capacitve loads. Non·inverting ampli· 
fiers are handled similarly. 


At lower frequencies, the buffer is within the feedback 
loop so that its offset voltage and gain errors are negligi· 
ble. At higher frequencies, feedback is through CI, so that 
phase shift from the load capacitance acting against the 
buffer output resistance does not cause loop instability. 


Stability depends upon the RICI time constant, or the 
closed loop bandwidth. With an 80kHz bandwidth, ringing 
is negligible 
for CL= O.068~F and damps rapidly for 
CL= O.33~F.The pulse response is shown in the graph. 
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Small signal bandwidth is reduced by Ct, but considerable 
isolation can be obtained without reducing it below the 
power bandwidth. Often, a bandwidth reduction is desir- 
able to filter high frequency noise or unwanted signals. 


The follower configuration 
is unique in that capacitive 
load isolation is obtained without a reduction in small 
signal bandwidth, although the output impedance of the 
buffer comes into play at high frequencies. The precision 
unity-gain buffer above has a 10MHz bandwidth without 
capacitive loading, yet it is stable for all load capacitance 
to over 0.3JLF,again determined by RtCt. 


This is a good example of how fast op amps can be made 
quite easy to use by employing an output buffer. 


Integrator 


A low pass amplifier can be formed just by using large Cj 
in the inverter described earlier, as long as the increasing 
closed loop output impedance above the cutoff frequency 
is not a problem and the op amp is capable of supplying 
the required current at the summing junction. 


If the integrating capacitor must be driven from the buffer 
output, the circuit above can be used to provide capacitive 
load isolation. As before, the stability with large capaci- 
tive loads is determined by RtCt. 


Wideband Amplifiers 


This simple circuit provides an adjustable gain video am- 
plifier which will drive 1Vp-p into 750. The differential pair 
provides gain, with the LT1010serving as an output stage. 
Feedback is arranged in the conventional manner, al- 
though the 68JLF- 0.01combination limits dc gain to unity 
for all gain settings. For applications sensitive to NTSCre- 
quirements, dropping the 250 output stage bias value will 
aid performance. 


TYPICAL SPECIFICATIONS 


lVp·p 
INTO 75{l 
AT A=2 
'l,dB TO 10MHz 
3dB OOWN AT 16MHz 


AT A= 
10 


'hdB TO 4MHz 
-3dB=8MHz 


22"F 


01 
02 
2N3866 
(2) 


+ 
__r 


68 
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This shows the buffer being used with a wideband ampli- 
fier that is not unity-gain stable. In this case, C1cannot be 
used to isolate large capacitive loads. Instead, it has an 
optimum value for a limited range of load capacitances. 


The buffer can cause stability problems in circuits like 
this. With the TO-3and TO-220packages, behavior can be 
improved by raising the quiescent current with a 200 resis- 
tor from the bias terminal to V+. Alternately, devices in the 
TO-39package or miniDIPcan beoperated in parallel. 


It is possible to improve capacitive 
load stability 
by 
operating the buffer class-A at high frequencies. This is 
done by using quiescent current boost and bypassing the 
bias terminal to V- with more than 0.02j.tF. 


Putting the buffer outside the feedback loop as shown 
here will give capacitive load isolation, with large output 


capacitors only reducing bandwidth. Buffer offset, re- 
ferred to the op amp input, is divided by the gain. If the 
load resistance is known, gain error is determined by the 
output resistance tolerance. Distortion is low. 


Ell 


The 500 video line splitter here puts feedback on one 
buffer, with the others slaved. Offset and gain accuracy of 
slaves depend on their matching with master. 


When driving long cables, including a resistor in series 
with the output should be considered. Although it reduces 
gain, it does isolate the feedback amplifier from the ef- 
fects of unterminated lines which present a resonant load. 


When working with wideband amplifiers,special attention 
should always be paid to supply bypassing, stray capaci- 
tance and keeping leads short. Direct grounding of test 
probes, rather than the usual ground lead, is absolutely 
necessary for reasonable resuIts. 


The LT1010has slew limitations that are not obvious from 
standard specifications. 
Negative slew is subject 
to 
glitching, but this can be minimized with quiescent cur- 
rent boost. The appearance is always worse with fast rise 
signal generators than in practical applications. 


APPLICATions InFoRmATion 


Track and Hold 


The 5MHz track and hold shown here has a 400kHz power 
bandwidth driving ± 10V.A buffered input follower drives 
the hold capacitor, C4, through 01, a low resistance FET 
switch. The positive hold command is supplied by TIL 
logic, with 03 level shifting to the switch driver, 02. The 
output is buffered by A3. 


When the gate is driven to V- for HOLD, it pulls charge 
out of the hold capacitor. A compensating charge is put 
into the hold capacitor through C3. The step into hold is 
made independent of the input level with R7and adjusted 
to zero with R10. 


Since internal dissipation can be quite high when driving 
fast signals into a capacitive load, using a buffer in a 
power package is recommended. Raising buffer quiescent 
current to 40mA with R3improves frequency response. 


This circuit is equally useful as a fast acquisition sample 
and hold. An LF156might be used for A3 to reduce drift in 
hold because its lower slew rate is not usually a problem 
in this application. 


R10 
50k 
Rll 
6.2k 


v- 


·2N2369 
EMITIER BASE JUNCTION 


A standard op amp voltage to current converter with a 
buffer to increase output current is shown here. As usual, 
excellent matching of the feedback resistors is required to 
get high output resistance. Output is bi·directional. 


Rl 
lOOk 
0.01% 


R2 
lOOk 
0.01% 


R3 


100k 
0.01% 


R4 
lOOk 
0.01% 


This circuit uses an instrumentation amplifier to eliminate 
the matched resistors. The input is not high impedance 
and must be driven from a low impedance source like an 
op amp. Reversal of output sense can be obtained by 
grounding pin 7 of the LM163 and driving pin 5. 


Output resistances of several megohms can be obtained 
with both circuits. 
This is impressive considering 
the 


± 150mA output capability. High frequency output char· 
acteristics will depend on the bandwidth and slew rate of 
the amplifiers. Both these circuits have an equivalent out· 
put capacitance of about 30nF. 


Voltage/Current Regulator 


This circuit regulates the output voltage at Vv until the 
load current reaches a value programmed by VI. For heav· 
ier loads, it is a precision current regulator. 


R7 
99.8k 
v, 


0.1 % 10rnA/V 


With output currents below the current limit, the current 
regulator is disconnected from the loop by 01, with 02 
keeping its output out of saturation. This output clamp en· 
abies the current regulator to get control of the output cur· 
rent from the buffer current limit within a microsecond for 
an instantaneous short. 


In the voltage regulation mode, A1 and A2 act as a fast 
voltage follower using the capacitive load isolation tech· 
nique described earlier. Load transient recovery as well as 
capacitive load stability are determined by C1. Recovery 
from short circuit is clean. 


Bi·directional current limit can be obtained by adding an· 
other op amp connected as a complement to A3. 


Supply Splitter 


Dual supply op amps and comparators can be operated 
from a single supply by creating an artificial ground at half 
the supply voltage. The supply splitter shown here can 
source or sink 150mA. 


The output capacitor, C2, can be made as large as neces- 
sary to absorb current transients. An input capacitor is 


also used on the buffer to avoid high frequency instability 
that can be caused by high source impedance. 


High Current Booster 


The circuit below uses a discrete stage to get 3A output 
capacity. The configuration shown provides a clean, quick 
way to increase LT1010output power. It is useful for high 
current loads, such as linear actuator coils in disk drives. 


The 330 resistors sense the LT1010'ssupply current, with 
the grounded 1000 resistor supplying 
a load for the 
LT1010.The voltage drop across the 330 resistors biases 
01 and 02. Another 1000 value closes a local feedback 
loop, stabilizing the output stage. Feedback to the LT1056 
control amplifier is via the 10k value. 03 and 04, sensing 
across the 0.180 units, furnish current limiting at about 
3.3A. 


15pF 


10k 


+15V 
O.1811 


+ 


68pF 
T 
22 
"F 
3311 2N39~~ 


Wideband FET Input Stabilized Buffer 


The figure below shows a highly stable unity gain buffer 
with good speed and high input impedance. 01 and 02 
constitute a simple, high speed FET input buffer. 01 func· 
tions as a source follower, with the 02 current source load 
setting the drain-source channel current. The LT1010 
buffer provides output drive capability for cables or what- 
ever load is required. Normally, this open loop configura- 
tion would be quite drifty because there is no dc feedback. 
The LTC1050contributes this function to stabilize the cir· 
cuit. It does this by comparing the filtered circuit output to 
a similarly filtered version of the input signal. The ampli- 
fied difference between these signals is used to set 02's 
bias, and hence 01's channel current. This forces 01 's 
VGSto whatever voltage is required to match the circuit's 
input and output potentials. The 2000pF capacitor at A1 
provides stable loop compensation. The RC network in 
A1's output prevents it from seeing high speed edges cou- 
pled through 02's collector-base junction. A2's output is 
also fed back to the shield around 01's gate lead, boot· 
strapping the circuit's effective input capacitance down to 
less than 1pF. 


LT1010 


Gain Trimmable Wideband FET Amplifier 


A potential difficulty with the previous circuit is that the 
gain is not quite unity. The figure labelled (A)on the next 
page maintains high speed and low bias while achieving a 
true unity gain transfer function. 


This circuit is somewhat similar, except that the 02·03 
stage takes gain. A2 dc stabilizes the input-output path, 
and A1provides drive capability. Feedback is to 02's emit· 
ter from A1's output. The 1k adjustment allows the gain to 
be precisely set to unity. With the LT1010 output stage 
slew and full power bandwidth (1Vp-p) are 100V/{ls and 
10MHz,respectively. - 3dB bandwidth exceeds 35MHz.At 
A= 10(e.g.,1k adjustment set at 50n)full power bandwidth Ell 
stays at 10MHzwhile the - 3dB point falls to 22MHz. 


With the optional discrete stage, slew exceeds 1000V/{lS 
and full power bandwidth (1Vp-p) is IBMHz. - 3dB band· 
width is 58MHz.At A= 10,full power is available to 10MHz, 
with the - 3dB point at 36MHz. 


0.1q. 


Figures A and B show response with both output stages. 
The LT1010 is used in Figure A (Trace A = input, Trace 
B= output). Figure B uses the discrete stage and is slightly 


faster. Either stage provides more than adequate perfor· 
mance for driving video cable or data converters, and the 
LT1012maintains dc stability under all conditions. 


0.01t 


lk 
GAIN 
ADJ 


3000 
500 
5.6k 
3k 


Output Offset Voltage: The output voltage measured with 
reference to the input. 


Input Bias Current: The current out of the input terminal. 


Large Signal Voltage Gain: The ratio of the output voltage 
change to the input voltage change over the specified in· 
put voltage range.' 


Output Resistance: The ratio of the change in output volt· 
age to the change in load current producing it.' 


Output Saturation Voltage: The voltage between the out· 
put and the supply rail at the limit of the output swing to· 
ward that rail. 


Saturation Offset Voltage: The output saturation voltage 
with no load. 


Saturation Resistance: The ratio of the change in output 
saturation voltage to the change in current producing it, 
going from no load to full load.• 


Slew Rate: The average time rate of change of output volt· 
age over the specified output range with an input step be· 
tween the specified limits. 


Bias Terminal Voltage: The voltage between the bias 
terminal and V+. 


Supply Current: The current at either supply terminal with 
no output loading. 


'Pulse measurements (-1ms) as required to minimize thermal effects. 
• 


H Package 
Head TO·39Metal Can 
(KovarBase) 


K Package 
Head TO·3 Metal Can 
(Steel) 


r 


0.350-0.370 1 
(8.890-9.398) 


OIA 
O'"i'"1(~:;~;=~::)r 
0.050 
''':~M~' 


(12.70) 
~ 
~ 
~ 
MIN 
O.016~O.019 


t 
(0.406-0.483) 
OlA3lEADS 


0.760-0.775 J 
(19.30-19.69) 


~ 
t 
0.116 
(2946) 


MAX 


0.152-0.162 
(3.860-4.114) 


R TVP 


0.167-0.177 


(4.241-4.4951 


R TYP 


limax 
a}c 


150'C 
40'CNI 


125'C 
40'CNI 


TPackage 
Head TO·220Plastic 
l 


0.390-0.410 r 
(9.906-1041) 


0.100-0.120 
0.570 -0.610 
0.147 -0.151 
(2.540 -3.048) 


".M-';., "~_-L 


+ 
i 
D 


0.880-0.910 
(22.35-23.11)J 


0.970-1 


0.355-0.370 
(24.64-2 


(9.017-9.398) 


0.170-0.180l 
(4.318-4.572) 1 
I[-n 
0.460-0.500 


(11.68-12.70) 
0620 
U _.- 
0.710 


(15.75) 
(18.03) 


~.045-0.055 
ril.143-1.397) 


0.062-0.072 J:jL 
(1.574-1.829) 
t-- 


0.030-0,040 
(0.762-t.016) 


I 


0.325 
~~:~~; 1 


8255 +0.635) 
. 
-0.381 


N Package 
a-Lead Plastic DIPt 


o. 


4OO:1 
(1~~)0 


765t 
0.250%0.010 


~0.254) 


1 
2 
3 
4 


0.045-0.065 
~ 
('.143_'.~') 
(3.302±0.127) 


0.065 
=tj.020 
(1.651)L- 
_. 
(0.508) 


TVP 
MIN 
~fJ 
0.125 
(0.229-0.381) 
(3.175) 


0.045±0.015 tJ j L 
MIN 
(1.143::1::0.381) 


0.100:0.010 
0.018::1::0.003 
(~) 
(0.457±0.076) 


III 


~ 


jnw 
e~ 


150'C 
130'C/W 
---- 


• OP·07TypePerformance 
at 1/8th of OP-OTsSupply Current 
at 1I20thof OP-OTsBias and Offset Currents 
• Guaranteed Offset Voltage 
25p.VMax 
• Guaranteed Bias Current 
100pAMax 
• Guaranteed Drift 
O.6p.V/oCMax 
• Low Noise, O.1Hzto 10Hz 
O.5p.Vp·p 
• Guaranteed Low Supply Current 
500p.AMax 
• Guaranteed CMRR 
114dB Min 
• Guaranteed PSRR 
114dBMin 
• Guaranteed Operation @ ± 1.2VSupplies 


• Replaces OP-07While Saving Power 
• Precision Instrumentation 
• Charge Integrators 
• Wide Dynamic Range Logarithmic Amplifiers 
• Light Meters 
• Low Frequency Active Filters 
• Thermocouple Amplifiers 


LT1012A/LT1012 


Picoamp Input Current 
Microvolt Offset 
Low Noise Op Amp 


DESCRIPTiOn 


The LT1012is an internally compensated universal 
precision operational amplifier which can be used in 
practically 
all precision applications. 
The LT1012 
combines 
picoampere 
bias currents 
(which 
are 
maintained over the full -55°C 
to 125°C tempera- 
ture range), microvolt offset voltage (and low drift 
with time and temperature), low voltage and current 
noise, and 
low 
power dissipation. 
The LT1012 
achieves precision operation on two Ni·Cad batter- 
ies with 1mW of power dissipation. Extremely high 
common mode and power supply rejection ratios, 
practically 
unmeasurable warm-up drift, 
and the 
ability to deliver 5mA load current with a voltage 
gain of one million round out the LT1012's superb 
precision specifications. 


The all around excellence of the LT1012eliminates 
the necessity of the time consuming error analysis 
procedure of precision system design in many ap- 
plications; the LT1012can be stocked as the univer- 
sal internally compensated precision op amp. 


Ell 


R1-R6:VISHAY 
444 ACCUTRACT THIN FILM 
SIP NETWORK 
o 
:VISHAY 444 PIN NUMBERS 


VISHAY INTERTECHNOLOGY, INC. 
63 LINCOLN HIGHWAY 
MALVERN, 
PA 19355 


± 250VCommon Mode Range Instrumentation Amplifier (Av = 1) 


R1 
R5 
1M 
975k 


-r< 


COMMON 
MOOE 
INPUT 
± 250V 


COMMON 
MODE REJECTION RATIO = 74dB (RESISTOR LIMITED) 
WITH OPTIONAL TRIM 
13DdB 
OUTPUT OFFSET (TRIMMABLE 
TO ZERO) 
500~V 
DUTPUT OFFSET DRIFT 
10~V/·C 
INPUT RESISTANCE 
1M 


Typical Distrubution of Input 
Offset Voltage 


1140 UNITS 
FROM THREE 
160 
RUNS 


ABSOLUTE mAXimum 
RATinGS 


Supply Voltage 
± 20V 


Differential 
Input Current (Note 1) 
± 10mA 


Input Voltage 
± 20V 
Output Short Circuit Duration 
Indefinite 
Operating Temperature Range 
LT1012AM, LT1012M 
- 55°C to 125°C 
LT1012AC, LT1012C, 


LT1012D, LT1012S8 
O°C to 70°C 
Storage Temperature Range 
All Devices 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


ORDER PART 
NUMBER 


TOP VIEW 


Vas 
TRIM 


4 
v- 
(CASE) 


H PACKAGE 
8-LEAO 
TO·5 METAL CAN 


Vas 
TRIM 
-IN 
2 


ORDER PART 
NUMBER 


LT1012AMH 
LT1012MH 
LT1012ACH 
LT1012CH 
LT1012DH 


LT1012ACN8 
LT1012CN8 
LT1012DN8 


LT1012AM/AC 
LT1012M 
LT1012C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
8 
25 
8 
35 
10 
50 
~V 
(Note 2) 
20 
90 
20 
90 
25 
120 
~V 


Long Term Input Offset 
0.3 
0.3 
0.3 
~V/month 


Voltage Stability 


los 
Input Offset Current 
15 
100 
15 
100 
20 
150 
pA 


(Note 2) 
25 
150 
25 
150 
30 
200 
pA 


16 
Input Bias Current 
±25 
±100 
±25 
±100 
±30 
±150 
pA 


(Note 2) 
+35 
±150 
+35 
+150 
+40 
+200 
pA 


en 
Input Noise Voltage 
0.1Hz to 10Hz 
0.5 
0.5 
0.5 
~Vp·p 


en 
Input Noise Voltage Density 
10= 10Hz (Note 3) 
17 
30 
17 
30 
17 
30 
nVv'H'z 


10= 1000Hz (Note 4) 
14 
22 
14 
22 
14 
22 
nVv'H'z 


in 
Input Noise Current Density 
fo=10Hz 
20 
20 
20 
IA/v'H'z 


AVOL 
Large Signal Voltage Gain 
VOUT= ±12V,RL,,10kO 
300 
2000 
300 
2000 
200 
2000 
V/mV 
VOUT = ± 10V,RL,,2kO 
300 
1000 
200 
1000 
200 
1000 
V/mV 


CMRR 
Common Mode Rejection Ratio 
VCM= ± 13.5V 
114 
132 
114 
132 
110 
132 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±1.2Vto 
±20V 
114 
132 
114 
132 
110 
132 
dB 


Input Voltage Range 
±13.5 
±14.0 
±13.5 
± 14.0 
±13,5 
± 14,0 
V 


VOUT 
Output Voltage Swing 
RL = 10kO 
+13 
+14 
+13 
+ 14 
+ 13 
+ 14 
V 


Slew Rate 
0.1 
0.2 
0.1 
0.2 
0.1 
0.2 
V/~sec 


Is 
Supply Current 
370 
500 
380 
- 
380 
- 
~A 


(Note 2) 
380 
600 
380 
600 
380 
600 
~A 


LT1012D 
LT1012S8 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vas 
Input Offset Voltage 
12 
60 
15 
120 
~V 


(Note 2) 
25 
- 
25 
180 
~V 


Long Term Input Offset 
0.3 
0.4 
~V/month 
Voltage Stability 


los 
Input Offset Current 
20 
150 
50 
280 
pA 


(Note 2) 
30 
- 
60 
380 
pA 


18 
Input Bias Current 
±30 
±150 
±80 
±300 
pA 


(Note 2) 
±40 
- 
±120 
±400 
pA 


en 
Input Noise Voltage 
0.1Hzto 10Hz 
0.5 
0.5 
~Vp·p 


en 
Input Noise Voltage Density 
to= 10Hz(Note 4) 
17 
30 
17 
30 
nV.JHz 


to= 1000Hz(Note 4) 
14 
22 
14 
22 
nV.JHz 


in 
Input Noise Current Density 
fo= 10Hz 
20 
20 
fAl.JHz 


AVOL 
Large Signal Voltage Gain 
Vour= ± 12V,RL2:10kll 
200 
2000 
200 
2000 
V/mV 


VOUT= 
± 10V,RL2:2kll 
200 
1000 
120 
1000 
V/mV 


CMRR 
Common Mode Rejection Ratio 
VCM = ± 13.5V 
110 
132 
110 
132 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ± 1.2V to ± 20V 
110 
132 
110 
132 
dB 


Input Voltage Range 
±13.5 
±14.0 
±13.5 
±14.0 
V 


VOUT 
Output Voltage Swing 
RL =10kll 
±13 
±14 
±13 
±14 
V 


Slew Rate 
0.1 
0.2 
0.1 
0.2 
V/~sec 


Is 
Supply Current 
(Note 2) 
380 
600 
380 
600 
~A 


LT1012AM 
LT1012M 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vas 
Input Offset Voltage 
• 
30 
60 
30 
180 
~V 


(Note 2) 
• 
40 
180 
40 
250 
~V 


Average Temperature Coefficient of 
• 
0.2 
0.6 
0.2 
1.5 
~V/oC 
Input Offset Voltage 


los 
Input Offset Current 
• 
30 
250 
30 
250 
pA 


(Note 2) 
• 
70 
350 
70 
350 
pA 


Average Temperature Coefficient of 
• 
0.3 
2.5 
0.3 
2.5 
pAloC 


Input Offset Current 


18 
Input Bias Current 
• 
±80 
±600 
±80 
±600 
pA 
(Note 2) 
• 
±150 
±800 
±150 
±800 
pA 


Average Temperature Coefficient of 
• 
0.6 
6.0 
0.6 
6.0 
pA/oC 
Input Bias Current 


AVOL 
Large Signal Voltage Gain 
VOUT= 
± 12V,RL2:10kll 
• 
200 
1000 
150 
1000 
V/mV 


Vour= ± 10V,RL 2:2kll 
• 
200 
600 
100 
600 
V/mV 


CMRR 
Common Mode Rejection Ratio 
VCM = ± 13.5V 
• 
110 
128 
108 
128 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ± 1.5Vto ±20V 
• 
110 
126 
108 
126 
dB 


Input Voltage Range 
• 
±13.5 
+13.5 
V 


VOUT 
Output Voltage Swing 
RL = 10kll 
• 
± 13 
±14 
±13 
± 14 
V 


Is 
Supply Current 
• 
400 
650 
400 
800 
~A 


The. 
denotes the specifications 
which apply over the full operating 
temperature range. 
Note 1: Differential input voltages greater than 1V will cause excessive cur- 
rent to flow through the input protection diodes unless limiting resistance 
is used. 


Note 2: These specifications 
apply for VM1N" 
Vs" 
± 20V and 
-13.5V 
"VCM"13.5V 
(forVs= 
± 15V). VM1N = ± 1.2V at 25°C, ± 1.3V from 


O°C to 70°C, ± 1.5V from - 55°C to 125°C. 


Note 3: 10Hz noise voltage density is sample tested on every lot. Devices 
100% tested at 10Hz are available on request. 


Note 4: This parameter is tested on a sample basis only. 


LT1012AC 
LT1012C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
20 
60 
20 
100 
~V 
(Note 2) 
• 
30 
160 
30 
200 
~V 


Average Temperature Coefficient of 
• 
0.2 
0.6 
0.2 
1.0 
~V/oC 
Input Offset Voltage 


los 
Input Offset Current 
• 
25 
230 
35 
230 
pA 
(Note 2) 
• 
40 
300 
45 
300 
pA 


Average Temperature Coefficient of 
• 
0.3 
2.5 
0.3 
2.5 
pA/oC 
Input Offset Current 


16 
Input Bias Current 
• 
±35 
±230 
±35 
±230 
pA 
(Note 2) 
• 
±50 
±300 
±50 
±300 
pA 


Average Temperature Coefficient of 
• 
0.3 
2.5 
0.3 
2.5 
pA/oC 
Input Bias Current 


AvoL 
Large Signal Voltage Gain 
VOUT= 
± 12V, RL2:10kO 
• 
200 
1500 
150 
1500 
V/mV 
Your: 
± 10V, RL2:2kO 
• 
200 
1000 
150 
800 
V/mV 


CMRR 
Common Mode Rejection Ratio 
VCM= ± 13.5V 
• 
110 
130 
108 
130 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±1.3Vto 
±20V 
• 
110 
128 
108 
128 
dB 


Input Voltage Range 
• 
±13.5 
±13.5 
V 


VOUT 
Output Voltage Swing 
RL=10kO 
• 
±13 
±14 
±13 
±14 
V 


Is 
Supply Current 
• 
400 
600 
400 
800 
~A 


LT1012D 
LT1012S8 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
25 
140 
30 
200 
~V 
(Note 2) 
• 
40 
- 
45 
270 
~V 


Average Temperature Coefficient of 
• 
0.3 
1.7 
0.3 
1.8 
~V/oC 
Input Offset Voltage 


los 
Input Offset Current 
• 
35 
380 
60 
380 
pA 
(Note 2) 
• 
45 
- 
80 
500 
pA 


Average Temperature Coefficient of 
• 
0.35 
4.0 
04 
4.0 
pA/oC 
Input Offset Current 


16 
Input Bias Current 
• 
±50 
±420 
± 100 
±420 
pA 
(Note 2) 
• 
±65 
- 
±150 
±550 
pA 


Average Temperature Coefficient of 
• 
04 
5.0 
0.5 
5.0 
pA/oC 
Input Bias Current 


AVOL 
Large Signal Voltage Gain 
VOUT= 
± 12V,RL2:10kO 
• 
150 
1500 
150 
1500 
V/mV 
VOUT= 
±10V, RL2:2kO 
• 
150 
800 
100 
800 
V/mV 


CMRR 
Common Mode Rejection Ratio 
VCM= ± 13.5V 
• 
108 
130 
108 
130 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±1.3Vto 
±20V 
• 
108 
128 
108 
128 
dB 


Input Voltage Range 
• 
± 13.5 
±13.5 
V 


VOUT 
Output Voltage Swing 
RL = 10kO 
• 
±13 
±14 
±13 
±14 
V 


Is 
Supply Current 
• 
400 
800 
400 
800 
~A 


Optional Offset Nulling and Over·Compensation Circuits 
Input offset voltage can be adjusted over a ± 800JLV 
range with a 5k to 100kpotentiometer. 


The LT1012is internally compensated for unity gain 
stability. The over-compensation capacitor, Cs, can 
be used to improve capacitive load handling capa- 
bility, to narrow noise bandwidth, or to stabilize cir- 
cuits with gain in the feedback loop. 


Offset Voltage vs Source 
Resistance (Balanced or 
Unbalanced) 
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Typical Distribution of Input Bias 
Current 
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Typical Distribution of Input 
Offset Current 


Vs= 
± 15V 
1020 UNITS 


TA=25°C 
FROM THREE 


VCM=OV 
RUNS 


r' 


I"-' .r' 
- 
III 


~ 
Z 
120 
'"o 
'"w 
'" 
80 
~ 
z 


Offset Voltage Drift vs Source 
Resistance (Balanced or 
Unbalanced) 
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Offset Voltage Drift with 
Temperature of Four 
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The LT1012 may be inserted directly into OP-07, 
LM11, 108Aor 101Asockets with or without removal 
of external frequency compensation or nulling com- 
ponents. The LT1012can also be used in 741,LF411, 
LF156 or OP-15applications provided that the nul- 
ling circuitry is removed. 


Although the OP-97 is a copy of the LT1012,the 
LT1012 directly replaces and upgrades OP-97 ap- 
plications. The LT1012Cand 0 have lower offset 
voltage and drift than the OP-97F.The LT1012Ahas 
lower supply current than the OP·97AlE. In addition, 
all LT1012 grades guarantee operation at ± 1.2V 
supplies. 


Achieving Picoampere/Microvolt Performance 
In order to realize the picoampere/microvolt level 
accuracy of the LT1012,proper care must be exer- 
cised. For example, leakage currents in circuitry 
external to the op amp can significantly 
degrade 
performance. High quality insulation should be used 
(e.g. Teflon, 
Kel-F); cleaning 
of 
all 
insulating 
surfaces to remove fluxes and other residues will 
probably be required. Surface coating may be neces- 
sary to provide a moisture barrier in high humidity 
environments. 


Board leakage can be minimized by encircling the in- 
put circuitry with a guard ring operated at a potential 
close to that of the inputs: iri inverting configura- 
tions the guard ring should be tied to ground, in 
non-inverting connections to the inverting input at 
pin 2. Guarding both sides of the printed circuit 


OFFSETTRIM 


v+ 
I~ 
'8/ 


OUTPUT'6 
7 
1 


board is required. Bulk leakage reduction depends 
on the guard ring width. Nanoampere level leakage 
into the offset trim terminals can affect offset volt- 
age and drift with temperature. 


Microvolt level error voltages can also be generated 
in the 
external 
circuitry. 
Thermocouple 
effects 
caused by temperature gradients across dissimilar 
metals at the contacts to the input terminals can ex- 
ceed the inherent drift of the amplifier. Air currents 
over device leads should be minimized, package 
leads should be short, and the two input leads 
should be as close together as possible and main- 
tained at the same temperature. 


Noise Testing 
For application information on noise testing and 
calculations, please see the LT1008data sheet. 


Frequency Compensation 
The LT1012 can be overcompensated to improve 
capacitive load handling capability 
or to narrow 
noise bandwidth. In many applications, the feedback 
loop around the amplifier has gain (e.g. logarithmic 
amplifiers); overcompensation can stabilize these 
circuits with a single capacitor. 


The availability of the compensation terminal per- 
mits the use of feedforward frequency compensa- 
tion to enhance slew rate. The voltage follower 
feedforward scheme bypasses the amplifier's gain 
stages and slews at nearly 10V/p.s. 


The inputs of the LT1012are protected with back- 
to-back diodes. Current limiting resistors are not 
used, because the leakage of these resistors would 
prevent the realization of picoampere level bias cur- 
rents at elevated temperatures. In the voltage fol- 
lower configuration, when the input is driven by a 
fast, large signal pulse (> 1V), the input protection 
diodes effectively short the output to the input dur- 
ing slewing, and a current, limited only by the output 
short circuit protection will flow through the diodes. 


The use of a feedback resistor, as shown in the volt- 
age follower feedforward diagram, is recommended 
because this resistor keeps the current below the 


Test Circuit for Offset Voltage 
and its Drift with Temperature 


short circuit limit, resulting in faster recovery and 
settling of the output. 
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01 ANO 02 AND, AT 100pA, 
BY THE INVERTING 
BIAS CURRENT OF THE LT1012. 
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TRIM R3 AT 100°C 
FOR Vo=10V 


TRIM R4 AT 50°C 
FOR VO=5V 
IN THE ORDER INOICATEO 


POSITIVE FEEDBACK (R11 LINEARIZES 
THE 


INHERENT 
PARABOLIC NONLINEARITY 
OF 


THE PLATINUM 
SENSOR AND REOUCES 
ERRORS FROM 1.2°C 
TO 0.004°C 
OVER 


THE -50°C 
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Amplifier for Bridge Transducers 


R5 
56M 


SATURATED 
STANOARD 
CELL 
#101 
EPPLEY LABS 
NEWPORT, 
R.1. 


THE TYPICAL 
30pA BIAS CURRENT OF THE LTl012 
WILL 
DEGRADE THE 


STANOARD CELL BY ONLY 1ppm/YEAR. 
NOISE IS A FRACTION OF A 


ppm. 
UNPROTECTED GATE MOSFET ISOLATES STANDARD CELL ON 


POWER DDWN. 


6.5k 


'THE 
1k PRELOAD 


MINIMIZES 
GLITCHES 
INDUCED BY TRANSI[NT 
LOADS 


DUT 
lDV 


1k' 


'=' 
IN 


15V 
D.1V 


R1 
TYPEJ: 
OUT 
1V 
1k 
I 


9M 


'=' 
I 


COLD 
-15V 
lDV 
JUNCTION 
9DDk 
AT AMBIENT 


MOUNT 
R1 IN AIRFLOW. 


AIlJUST 
R2 SO OUTPUT 
l00V 


GOES HIGH WHEN AIRFLOW 
90k 
STOPS. 


r -------------------7 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1~.k 


l00V 


l000V 
TO 1V FULL SCALE 
ANALOG 
TO OIGITAL 
CONVERTER 


FN5D7 
ALLEN 
BRAOLEY 
OECAOE VOLTAGE DlVIOER 


THIS APPLICATION 
REQUIRES LOW BIAS CUR· 


RENT AND OFFSET VOLTAGE, 
LOW NOISE, AND 


LOW DRIFT WITH TIME 
AND TEMPERATURE. 


12·BIT 
CMOS 
MULTIPLYING 
DAC 


WHEN 
THE REFERENCE 
INPUT DROPS TO D.1V, 


THE LEAST SIGNIFICANT 
BIT DECREASES 
TO 
THE MICROVOLT IPICOAMPERE 
RANGE. 


PACKAGE DESCRIPTion 
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• Internally Compensated 
• Guaranteed Offset Voltage 
120~VMax. 
• Guaranteed Bias Current 
25°C 
300pAMax. 
O°Cto 70°C 
380pAMax. 
• Guaranteed Drift 
1.8~V/oCMax. 
• Low Noise, 0.1Hzto 10Hz 
0.5~Vp-p 
• Guaranteed LowSupply Current 
600~AMax. 
• GuaranteedCMRR 
110dBMin. 
• GuaranteedPSRR 
110dBMin. 
• Guaranteed Voltage Gain with 5mA Load Current 


• Precision Instrumentation 
• Charge Integrators 
• Wide Dynamic RangeLogarithmic Amplifiers 
• Light Meters 
. 


• Low Frequency Active Filters 
• Standard Cell Buffers 
• Thermocouple Amplifiers 


LT1012S8 


Picoamp Input Current, 


Microvolt Offset, 


Low Noise Op Amp 


The LT1012is an internally compensated universal preci- 
sion operational amplifier which can be used in practically 
all precision applications. The LT1012combines picoam- 
pere bias currents (which are maintained over the full OOC 
to 70°C temperature range), microvolt offset voltage (and 
low drift with time and temperature), low voltage and cur- 
rent noise, and low power dissipation. Extremely high 
common-mode and power supply rejection ratios, practi- 
~ 
cally unmeasurable warm-up drift, and the ability to deliv- 
~ 
er 5mA load current with a voltage gain of a million round 
out the LT1012'ssuperb precision specifications. 


The all around excellence of the LT1012eliminates the 
necessity of the time consuming error analysis procedure 
of precision system design in many applications; the 
LT1012can be stocked as the universal internally compen- 
sated precision op amp. 
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SOURCE RESISTANCE 
(II) 


Supply Voltage 
± 20V 
Differential Input Current (Note 1) 
± 10mA 
Input Voltage 
±20V 
Output Short Circuit Duration 
Indefinite 
Operating Temperature Range 
O°Cto 70°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


ORDER PART 
NUMBER 


LT1012S8 


PARTMARKING 


1012 


LT1012S8 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
10 
120 
pV 
Note2 
25 
180 
pV 


Long Term Input Offset Voltage Stability 
0.3 
pV/month 


los 
Input Offset Current 
50 
280 
pA 
Note2 
60 
380 
pA 


IB 
Input Bias Current 
±80 
±300 
pA 
Note 2 
±120 
±400 
pA 


en 
Input Noise Voltage 
0.1Hzt010Hz 
0.5 
pVp-p 


en 
Input Noise Voltage Density 
fo = 10Hz (Note 3) 
17 
30 
nV/"'Hz 
fo= 1000Hz(Note 3) 
14 
22 
nV/"'Hz 


in 
Input Noise Current Density 
fo= 10Hz 
20 
fAl"'Hz 


AVOL 
Large Signal Voltage Gain 
VQtJT=±12V, RL,,10kO 
200 
2000 
V/mV 
VQtJT=± 10V, RL,,2kO 
120 
1000 
VlmV 


CMRR 
Common·Mode Rejection Ratio 
VCI/,= ±13.5V 
110 
132 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±2Vto 
±20V 
110 
132 
dB 


Input Voltage Range 
±13.5 
±14.0 
V 


VQtJT 
Output Voltage SWing 
RL = 10kO 
±13 
±14 
V 


Slew Rate 
0.1 
0.2 
Vips 


Is 
Supply Current 
Note2 
380 
600 
pA 


LT1012S8 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
20 
200 
~V 
Note2 
• 
30 
270 
~V 


Average Temperature Coefficient of Input 
• 
0.2 
1.8 
~V/oC 
Offset Voltage 


los 
Input Offset Current 
• 
60 
360 
pA 
Note 2 
• 
80 
500 
pA 


Average Temperature Coefficient of Input 
• 
0.4 
4 
pAJoC 
Offset Current 


IB 
Input Bias Current 
• 
±100 
±420 
pA 
Note 2 
• 
±150 
±550 
pA 


Average Temperature Coefficient of 
• 
0.5 
5 
pAJoC 
Input Bias Current 


AVOL 
Large Signal Voltage Gain 
Vour= ±12V, RL2:10kO 
• 
150 
1500 
V/mV 
Vour= ± 10V, RL2:2kO 
• 
100 
800 
V/mV 


CMRR 
Common-Mode Rejection Ratio 
VCM= ± 13.5V 
• 
108 
130 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±2.5Vto 
±20V 
• 
108 
128 
dB 


Input Voltage Range 
• 
±13.5 
V 


Vour 
Output Voltage Swing 
RL = 10kO 
• 
±13 
±14 
V 


Is 
Supply Current 
• 
400 
800 
~A 


The. 
denotes the specifications 
which apply over the full operating tem- 
perature range. 


Note 1: Differential input voltages greater than 1V will cause excessive cur· 
rent to flow through the input protection diodes unless limiting resistance 
is used. 


Note2: These specifications 
apply for ± 2V :5Vs:5 ±20V (± 2.5V :5Vs:5 


± 20Vover the temperature range) and -13.5V :5VcM:513.5V (for 
Vs= ±15V). 


Note 3: This parameter is tested on a sample basis only. 


FEATURES 


• Single Supply Operation 


Input Voltage Range Extends to Ground 
Output Swings to Ground while Sinking Current 
• Pin Compatible to 1458 and 324 with Precision Specs 
• Guaranteed Offset Voltage 
150p.V Max. 


• Guaranteed Low Drift 
2p.V1°C Max. 


• Guaranteed Offset Current 
0.8nA Max. 


• Guaranteed 
High Gain 
5mA Load Current 
1.5 Million Min. 


17mA Load Current 
0.8 Million Min. 


• Guaranteed Low Supply Current 
500p.A Max. 


• Low Voltage Noise, 0.1 Hz to 10Hz 
0.55p.Vp-p 
• Low Current Noise-Better 
than OP-07, 0.07 pA/..JRZ 


• Battery-Powered 
Precision Instrumentation 
Strain Gauge Signal Conditioners 
Thermocouple 
Amplifiers 
Instrumentation 
Amplifiers 
• 4mA-20mA 
Current Loop Transmitters 
• Multiple Limit Threshold 
Detection 
• Active Filters 
• Multiple Gain Blocks 


LT1013/LT1014 


Quad 
Precision Op Amp (LT1014) 
Dual Precision Op Amp (LT1013) 


DESCRIPTiOn 


The 
LT1014 
is the 
first 
preCIsion 
quad 
operational 
amplifier which directly upgrades designs in the industry 
standard 
14-pin DIP LM324/LM348/0P-11/4156 
pin 
configuration. 
It is no longer necessary to compromise 
specifications, 
while saving board space and cost, as 
compared to single operational amplifiers. 


The LT1014's low offset voltage of 50p.V, drift of 0.3p.V1°C, 
offset current of 0.15nA, gain of 8 million, common-mode 
rejection of 117dB, and power supply rejection of 120dS 


qualify it as four truly precision operational amplifiers. Par- Ell 
ticularly important 
is the low offset voltage, since no offset 
null terminals 
are provided in the quad configuration. 


Although supply current is only 350p.A per amplifier, a new 
output stage design sources and sinks in excess of 20mA of 
load current, while retaining high voltage gain. 


Similarly, the LT1013 is the first precision dual op amp in 
the 8-pin industry standard configuration, 
upgrading the 
performance 
of such popular devices as the MC14581 


1558, LM158 and OP-221. The LT1013's 
specifications 
are similar to (even somewhat better than) the LT1014's. 


Both the LT1013 and LT1014 can be operated off a single 
5V power supply: 
input common-mode 
range includes 
ground; 
the output 
can also swing 
to within 
a few 
millivolts of ground. Crossover distortion, 
so apparent on 
previous single-supply 
designs, 
is eliminated. 
A full set 
of specifications 
is provided with 
± 15V and single 5V 
supplies. 
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-300 
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-100 
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300 


INPUT 
OFFSET 
VOLTAGE 
(.V) 


ABSOLUTE 
mAXimum 
RATinGS 


Supply Voltage. 
. . . . . . . . . . . . . . . . . . . . . . .. 
± 22V 
Differential Input Voltage 
±30V 
Input Voltage 
Equal to Positive Supply Voltage 


...... 
5V Below Negative Supply Voltage 
Output Short Circuit Duration 
Indefinite 
Operating Temperature 
Range 
LT1013AM I LT1 013M I 
LT1014AM/LT1014M 
-55°Cto125°C 
LT1013AC/1013C/1013D 
LT1014AC/1014C/1014D 
O°Cto70°C 
Storage Temperature 
Range 
AIiGrades 
-65°Cto150°C 
Lead Temperature (Soldering, 
10 sec.) 
300°C 


4 
v- (CASE) 


METAL CAN H PACKAGE 


ORDER PART 
NUMBER 


LT1013AMH 
LT1013MH 
LT1013ACH 
LT1013CH 


LT1013AMJ8 
LT1013MJ8 
LT1013ACJ8 
LT1013CJ8 
LT1013CN8 
LT1013DN8 


LT1014AMJ 
LT1014MJ 
LT1014ACJ 
LT1014CJ 
LT1014CN 
LT1014DN 


ELECTRICAL CHARACTERISTICS 


Vs= 
±15V, 
VCM=OV, 
TA=25°C 
unless otherwise 
noted 


LT1013AM 
LT1013M/LT1013C 
LT1013AC 
LT10130N8 


SYMBOL 
PARAMETER 
CONDITIONS 
LT1014AM 
LT1014M I LT1014C 
UNITS 
LT1014AC 
LT1014DN 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vos 
Input Offset Voltage 
LT1013 
- 
40 
150 
- 
60 
300 
,.V 
LT1014 
- 
50 
180 
- 
60 
300 
,.V 
LT1013DN8/LT1014DN 
- 
- 
- 
- 
200 
800 
,.V 


Long Term Input Offset Voltage 
- 
0.4 
- 
- 
0.5 
- 
,.V/Mo. 
Stability 


los 
Input Offset Current 
- 
0.15 
0.8 
- 
0.2 
1.5 
nA 


IB 
Input Bias Current 
- 
12 
20 
- 
15 
30 
nA 


en 
Input Noise Voltage 
O.lHz to 10Hz 
- 
0.55 
- 
- 
0.55 
- 
,.Vp-p 


en 
Input Noise Voltage Density 
10= 10Hz 
- 
24 
- 
- 
24 
- 
nV/..JHz 
10= 1000Hz 
- 
22 
- 
- 
22 
- 
nV1..JHz 


in 
Input Noise Current Density 
10= 10Hz 
- 
0.07 
- 
- 
0.07 
- 
pA/..JHz 


Input Resistance-Differentiai 
(Note 1) 
100 
400 
- 
70 
300 
- 
MO 


Common-Mode 
- 
5 
- 
- 
4 
- 
GO 


lT1013AM 
lT1 013M / l T1 013C 
lT1013AC 
lT1013DN8 


SYMBOL 
PARAMETER 
CONDITIONS 
lT1014AM 
l T1 014M / l T1 014C 
UNITS 
lT1014AC 
lT1014DN 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


AVOL 
large Signal VoltageGain 
Vo= ± 10V, RL=2k 
1.5 
8.0 
- 
1.2 
7.0 
- 
V/p.V 
Vo= ± 10V, RL=6000 
08 
25 
- 
0.5 
2.0 
- 
V/p.V 


Input Voltage Range 
+13.5 
+13.8 
- 
+13.5 
+13.8 
- 
V 
-15.0 
-15.3 
- 
-15.0 
-15.3 
- 
V 


CMRR 
Common-Mode RejectionRatio 
VCM= 
+13.5V, 
-15.0V 
100 
117 
- 
97 
114 
- 
dB 
PSRR 
Power Supply RejectionRatio 
Vs=±2Vto 
±18V 
103 
120 
- 
100 
117 
- 
dB 


ChannelSeparation 
Vo= ± 10V, RL=2k 
123 
140 
- 
120 
137 
- 
dB 


VOUT 
Output VoltageSwing 
RL= 2k 
±13 
±14 
- 
±12.5 
±14 
- 
V 
Slew Rate 
0.2 
0.4 
- 
0.2 
0.4 
- 
V/p.S 


Is 
Supply Current 
PerAmplitier 
- 
0.35 
0.50 
- 
0.35 
0.55 
mA 


Note 1: 
This parameter is guaranteed by design and is not tested. 


Typical parameters are defined as the 60% yield of parameter distribu- 
tions of individual amplifiers; i.e., out of 100 LTl014s 
(or 100 
lT1013s) typically 240 op amps (or 120) will be b8tter than the in- 
dicated specification. 


lT1013AM 
l T1 013M / l T1 013C 
LT1013AC 
lT1013DN8 


SYMBOL 
PARAMETER 
CONDITIONS 
lT1014AM 
lT1014M/lT1014C 
UNITS 
lT1014AC 
lT1014DN 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vos 
Input Offset Voltage 
lTl013 
- 
60 
250 
- 
90 
450 
p.V 
lT1014 
- 
70 
280 
- 
90 
450 
p.V 
l Tl013DN8/l 
T1014DN 
- 
- 
- 
- 
250 
950 
p.V 


105 
Input Offset Current 
- 
02 
1.3 
- 
0.3 
2.0 
nA 


Ie 
Input Bias Current 
- 
15 
35 
- 
18 
50 
nA 
AVOL 
Large Signal VoltageGain 
Vo= 5mV to 4V, RL= 5000 
- 
1.0 
- 
- 
1.0 
- 
V/p.V 


Input Voltage Range 
+3.5 
+3.8 
- 
+3.5 
+3.8 
- 
V 


a 
-0.3 
- 
a 
-0.3 
- 
V 
VOUT 
Output VoltageSwing 
Output Low, No Load 
- 
15 
25 
- 
15 
25 
mV 
Output Low, 6000 to Ground 
- 
5 
10 
- 
5 
10 
mV 
Output Low, IS1NK=lmA 
- 
220 
350 
- 
220 
350 
mV 
Output High, No Load 
4.0 
4.4 
- 
4.0 
4.4 
- 
V 
Output High, 6000 to Ground 
3.4 
4.0 
- 
3.4 
4.0 
- 
V 


Is 
Supply Current 
PerAmplifier 
- 
0.31 
0.45 
- 
0.32 
0.50 
mA 


LTlO13AM 
LTlO14AM 
LTlO13M/LTlO14M 
UNITS 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vos 
Input Offset Voltage 
• 
- 
80 
300 
- 
90 
350 
- 
110 
550 
p.V 
Vs= +5V, OV; Vo= +l.4V 
-55°CsTA:sl00°C 
• 
- 
80 
450 
- 
90 
480 
- 
100 
750 
p.V 
VcM=O.1V, TA=125°C 
- 
120 
450 
- 
150 
480 
- 
200 
750 
p.V 
VCM=OV, TA=125°C 
- 
250 
900 
- 
300 
960 
- 
400 
1500 
p.V 


Input Offset Voltage Drift 
(Note 2) 
• 
- 
0.4 
2.0 
- 
0.4 
2.0 
- 
0.5 
2.5 
p.V/oC 


los 
Input Offset Current 
• 
- 
0.3 
2.5 
- 
0.3 
2.8 
- 
0.4 
5.0 
nA 
Vs= +5V, OV; Vo= +l.4V • 
- 
0.6 
6.0 
- 
0.7 
7.0 
- 
0.9 
10.0 
nA 


IB 
Input Bias Current 
• 
- 
15 
30 
- 
15 
30 
- 
18 
45 
nA 
Vs= +5V, OV; Vo= +l.4V • 
- 
20 
80 
- 
25 
90 
- 
28 
120 
nA 


AVOL 
Large Signal Voltage 
Vo= ±10V, 
RL-2k 
• 
0.5 
2.0 
- 
0.4 
2.0 
- 
0.25 
2.0 
- 
V/p.V 
Gain 


CMRR 
Common-Mode Rejection 
VCM= +13.0V, 
-14.9V 
• 
97 
114 
- 
96 
114 
- 
94 
113 
- 
dB 


PSRR 
Power Supply Rejection 
Vs=±2Vto 
±18V 
• 
100 
117 
- 
100 
117 
- 
97 
116 
- 
dB 
Ratio 


VOUT 
Output Voltage Swing 
RL=2k 
• 
±12 
±13.8 
- 
±12 
±13.8 
- 
±11.5±13.8 
- 
V 
Vs= +5V, OV; 
RL= 6000 to Ground 
Output Low 
• 
- 
6 
15 
- 
6 
15 
- 
6 
18 
mV 
Output High 
• 
3.2 
3.8 
- 
3.2 
3.8 
- 
3.1 
3.8 
- 
V 


Is 
Supply Current 
• 
- 
0.38 
0.60 
- 
0.38 
0.60 
- 
0.38 
0.7 
mA 
PerAmplifier 
Vs= +5V, OV; Vo= +l.4V • 
- 
0.34 
0.55 
- 
0.34 
0.55 
- 
0.34 
0.65 
mA 


LTlO13AC 
LTlO14AC 
LTlO13C/LTlD130N8 
SYMBOL 
PARAMETER 
CONDITIONS 
LTlO14C/LTlD14DN 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vos 
Input Offset Voltage 
• 
- 
55 
240 
- 
65 
270 
- 
80 
400 
p.V 
LT1013DN8, LT1014DN 
• 
- 
- 
- 
- 
- 
- 
- 
230 
1000 
p.V 
Vs= +5V, OV; Vo=1.4V 
• 
- 
75 
350 
- 
85 
380 
- 
110 
570 
p.V 
LT1013DN8, LT1014DN 
• 
- 
- 
- 
- 
- 
- 
- 
280 
1200 
p.V 
Average Input Offset 
(Note 2) 
• 
- 
0.3 
2.0 
- 
0.3 
2.0 
- 
0.4 
2.5 
p.V/oC 
Voltage Drift 
LT1013DN, LT1014DN 
• 
- 
- 
- 
- 
- 
- 
- 
0.7 
5.0 
p.V/oC 


los 
Input Offset Current 
• 
- 
0.2 
1.5 
- 
0.2 
1.7 
- 
03 
2.8 
nA 
Vs= +5V, OV; Vo=1.4V 
• 
- 
0.4 
3.5 
- 
0.4 
4.0 
- 
05 
6.0 
nA 
IB 
Input Bias Current 
• 
- 
13 
25 
- 
13 
25 
- 
16 
38 
nA 
Vs= +5V, OV; Vo=1.4V 
• 
- 
18 
55 
- 
20 
60 
- 
24 
90 
nA 
AVOL 
Large Signal VoltageGain 
Vo= ± 10V, RL=2k 
• 
1.0 
5.0 
- 
1.0 
5.0 
- 
0.7 
4.0 
- 
V/p.V 
CMRR 
Common-Mode Rejection 
VCM= +13.0V, 
-15.0V 
• 
98 
116 
- 
98 
116 
- 
94 
113 
- 
dB 
Ratio 


PSRR 
Power Supply Rejection 
Vs=±2Vto 
±18V 
• 
101 
119 
- 
101 
119 
- 
97 
116 
- 
dB 
Ratio 


VOUT 
Output Vollage Swing 
RL= 2k 
• 
±12.5 
±13.9 
- 
± 12.5 ± 13.9 
- 
±12.0 
±13.9 
- 
V 
Vs= +5V, OV; RL=6000 
Output Low 
• 
- 
6 
13 
- 
6 
13 
- 
6 
13 
mV 
Output High 
• 
3.3 
3.9 
- 
33 
3.9 
- 
3.2 
3.9 
- 
V 
Is 
Supply Current per 
• 
- 
0.36 
0.55 
- 
0.36 
0.55 
- 
0.37 
0.60 
mA 
Amplifier 
Vs= +5V, OV; Vo=1.4V 
• 
- 
0.32 
0.50 
- 
0.32 
0.50 
- 
0.34 
0.55 
mA 


Note 2: This parameter is not 100% tested. 
The. 
denotes the specifications which apply over the full operating 
temperature range. 


Offset Voltage Drift with 
Temperature 
of Representative 
Units 
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328 UNITS TESTED 
FROM THREE RUNS 
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Input Bias Current vs 
Common-Mode 
Voltage 
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Input Offset Current vs 
Temperature 
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Small Signal Transient 
Response, 
Vs = ± 15V 
Large Signal Transient 
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Vs = ± 15V 
Output Saturation 
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Current vs Temperature 
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vs Time 
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Single Supply Operation 


The LT1013/1014 
are fully specified 
for single supply 
operation, 
i.e., 
when the negative supply 
is OV. Input 
common-mode 
range includes ground; the output swings 


within a few millivolts of ground. Single supply operation, 
however, can create special difficulties, 
both at the input 
and atlhe output. The LT10131 LT1014 have specific cir- 
cuitry which addresses 
these problems. 


At the input, the driving signal can fall below QV-inad- 
vertently or on a transient 
basis. If the input is more than 


Channel Separation vs 
Frequency 
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a few hundred millivolts below ground, two distinct prob- 
lems can occur on previous single supply designs, 
such 
as the LM124, 
LM158, 
OP-20, OP-21 , OP-220, OP-221, 


OP-420: 


a) When the input 
is more than a diode drop 
below 
ground, 
unlimited 
current 
will flow from the substrate 


(V- 
terminal) to the input. This can destroy the unit. On 
the LT10131 1014, the 4000 resistors, 
in series with the 
input (see schematic diagram), 
protect the devices even 
when the input is 5V below ground. 


(b) When the input is more than 400mV below ground 
(at 25°C), 
the input stage saturates (transistors 
03 and 
04) and phase reversal occurs at the output. 
This can 
cause lock-up in servo systems. 
Due to a unique phase 
reversal protection circuitry 
(021, 
022, 027, 028), the 
LT1013/1014's 
outputs do not reverse, as illustrated 
below, even when the inputs are at -1.5V. 


There is one circumstance, 
however, under which the 
phase reversal 
protection 
circuitry 
does not function: 


when the other op amp on the LT1013, 
or one specific 
amplifier of the other three on the LT1014, is driven hard 
into negative saturation at the output. 


Phase reversal protection does not work on amplifier: 
A when D's output is in negative saturation. 
B's and C's 
outputs have no effect. 
B when C's output is in negative saturation. A's and D's 
outputs have no effect. 
C when B's output is in negative saturation. A's and D's 
outputs have no effect. 
D when A's output is in negative saturation. 
B's and C's 
outputs have no effect. 


At the output, the aforementioned 
single supply designs 
either cannot swing to within 600mV of ground (OP-20) 
or cannot sink 
more than a few microamperes 
while 
swinging 
to ground 
(LM124, 
LM158). 
The LT1013/ 
1014's 
all-NPN output stage maintains 
its low output 
resistance and high gain characteristics 
until the output 
is satu rated. 


In dual supply operations, the output stage is crossover 
distortion-free. 


Comparator Applications 


The single supply operation of the LT1013/1014 
lends 
itself to its use as a precision comparator with TTL com- 
patible output: 


In systems 
using both op amps and comparators, 
the 
LT1013/ 1014 can perform multiple duties; for example, 
on the LT1014, two of devices can be used as op amps 
and the other two as comparators. 


Comparator 
Rise Response Time 
10mV, 5mV, 2mV Overdrives 


LM324, 
LM35B, 
OP-20 
EXHIBIT OUTPUT PHASE 
REVERSAL 


Comparator 
Fall Response Time 
to 10mV, 5mV, 2mV Overdrives 


l 
100 
~ 
~ 


APPLICATions InFoRmATion 


Low Supply Operation 


The minimum 
supply voltage for proper operation of the 
LT1013/1014 
is 3.4V 
(three 
Ni-Cad 
batteries). 
Typical 


supply current at this voltage is 290~. therefore 
power 
dissipation 
is only one milliwatt 
per amplifier. 


Noise Testing 


For application 
information 
on noise testing and calcula- 


tions, 
please see the LT1007 
or LT1008 
data sheet. 


Test Circuit for Offset Voltage and 
Offset Drift with Temperature 


":" 
·RESISTORS MUST HAVE LOW 
THERMOELECTRIC POTENTIAL. 


"THIS 
CIRCUIT IS ALSO USED AS THE BURN·IN 
CONfiGURATION, WITH SUPPLY VOLTAGES 
INCREASED TO ± 20V. 


Vo=lOOOVos 


INPUT 


3OOmV- 
10Vrms 


2% ACCURACY, OC-50MHz. 
100:1 CREST fACTOR CAPABILITY. 


·0.1% 
RESISTOR. 
":" 


TH2=YELLOW 
SPRINGS INSI 
CO. THERMISTOR COMPOSITE '44018. 


ENCLOSET1 AND T2 IN STYROFQAM. 
7.5mW DISSIPATION. 


+INPUT!1r 
1i'2 LTC1043 
~ 


I 
I 
I 
2 
I 
I 


! fir 
_"M~~ 
L 
...J 
":" 


OffSET = 150.V 


GAIN=~+1. 


CMRR=12D 
dB. 


COMMON-MODE 
RANGE 
IS OV TO 5V. 


~F 


12k 


lk 


.". 
ZERO 
FLOW 


REMOVE LAMP'S GLASS ENVELOPE FROM 328 LAMP. 
A 1 SERVOS # 328 LAMP TO CONSTANT TEMPERATURE. 
A2-A3 FURNISH LINEAR OUTPUT vs FLOW RATE. 


"1% 
RESISTOR. 


15:i 


'5V 


OALE 


HL'25.". 
r 


OUTPUT 
OHz-JOOHz= 
0-300MLlMIN 


"I % FILM RESISTOR. 
"SUPPLIED 
WITH YSI THERMISTOR NETWORK. 
n. 
T2 YSI THERMISTOR NETWORK= #44201. 


FLOW IN PIPE IS INVERSELY PROPORTIONALTO 
RESISTANCE OF n-T2 
TEMPERATURE OIFFERENCE. 


AI-A2 
PROVIOEGAIN. A3-A4 PROVIOELINEARIZED 


FREaUENCY OUTPUT. 


TO 
INPUT 
CABLE SHIELDS 


.,% 
FILM RESISTOR. MATCH 10k's 
0.05% 


GAIN EQUATION: A = 40~1fO+ 1. 


t FOR HIGH SOURCE IMPEDANCES, 


USE 2N2222 
AS DIODES. 


O.068T 


SAMPLED 
OPERATION 
GIVES 
LOW 
AVERAGE 
OPERATING 
CURRENT 
-650"". 


4.7k-0.Q1.F 
RC PROTECTS STRAIN BRIDGE FROM LONG TERM DRIFTS DUE TO 
HIGH aVlaT 
STEPS. 


5V Powered 
Motor Speed Controller 
No Tachometer 
Required 


0068-:r 


2k 
MOTOR=CANON 
-FN30 
-R13N1B. 


Al 
OUTY CYCLE MODULATES 
MOTOR. 


A2 SAMPLES 
MOTORS BACK EMF 


MEETS ALL Vpp PROGRAMMING 
SPECS WITH NO TRIMS 
AND 
RUNS OFF 5V SUPPLY-NO 
EXTERNAL 
HIGH VOLTAGE SUPPLY REQUIRED. 


SUITABLE 
FOR BATIERY 
POWEREO USE (6OO,.A QUIESCENT CURRENT). 


"1% 
METAL FILM. 


21V 


OUTPUT LI 


lOOK" 
6001'5 RC 


5k 


1000ppm 
TRIM 


VO=200mV 
HP5082·2811 
tlOO.,A 


L= 
DALE TE·3/03/TA. 


SHORT CIRCUIT CURRENT = 30mA. 


= 75% 
EFFICIENCY. 
SWITCHING 
PREREGULATOR CONTROLS DROP ACROSS FET TO 200mV. 


lN4148 


OUTPUT 
500ppm-l0,OOOppm 
50Hz-1kHz 


10k" 
20mA 
1000" 
TRIM 


8Ok· 


4mA-20mA 
OUT 
TO LOAO 
2.2kO MAXIMUM 


t12·BIT 
ACCURACY. 


•,% FILM. 


T1 = PICO·31080. 


lOOk 


TO INVERTER 
7 


DRIVE 


"::' 


10k· 
4k· 
3010" 


4.3k 
1k 


+5V 
20mA 
TRIM 
LT1004 
"::' 
1.2V 


2k 
4mA 
TRIM 


INPUT 
OV-4V 


OUTPUT 
OV-4V = 
0°C-400°C 
±0.05°C 


'=" 


3.01k 


8.25k 


SOk 
'=" 


ZERO 
+5V 


TRIM 


2.4k 
274k 
5% 


LT1009 
250k 
2.5V 


'=" 
'=" 


ALL RESISTORS ARE TAW·MAR·6 
METAL FILM. 


RATIO MATCH 2M-200K±0.01%. 


TRIM SEOUENCE: 


SET SENSOR TO 0° VALUE. 
ADJUST ZERO FOR OV OUT. 
SET SENSOR TO 100°C 
VALUE. 
ADJUST GAIN FOR 1.000V 
OUT. 
SET SENSOR TO 400°C. 
ADJUST 
LINEARITY 
FOR 4.000V 
OUT, REPEAT AS REQUIREO. 


1.2VOUT REFERENCE 
TO AIO CONVERTER 
FOR RATIO METRIC OPERATION 
1mA MAXIMUM 
LOAD 
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FILM RESISTOR. 


PRESSURE TRANSDUCER-BLHI 
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INPUT BIAS CURRENT TYPICALLY < 1nA 


INPUT RESISTANCE=3R 
~ 15M FOR VALUES SHOWN 


NEGATIVE COMMON-MODE 
LIMIT =V - +Ia 
x 2R+30mV 
=150mV 
for V- 
=OV 
la=12nA 


Voltage Controlled Current Source with 
Ground Referred 
Input and Output 


O.009V DROPOUTAT 5mA OUTPUT. 
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OUTPUT. 
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MOUNT RT NEAR XTAL 


3mA POWER ORAlN 


tTHERMISTOR-AMPLIFIER-VARACTOR 
NETWORK GENERATES 
A TEMPERATURE 
COEFFICIENT OPPOSITE THE CRYSTAL TO 
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OVERALL OSCILLATOR ORIFT 


OSCILLATOR 
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OUTPUT 
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• Single Supply Operation 
Input Voltage Range Extends to Ground 
Output Swings to Ground while Sinking Current 
• Pin Compatible to 1458 and 324 with Precision Specs 
• Guaranteed Offset Voltage 
800~V Max. 


• Guaranteed Low Drift 
5~V/oC Max. 
• Guaranteed Offset Current 
1.5nA Max. 
• Guaranteed High Gain 
5mA Load Current 
1.2 Million Min. 
17mA Load Current 
0.5 Million Min. 


• Guaranteed Low Supply Current 
550~A Max. 


• Low Voltage Noise, 0.1Hz to 10Hz 
O.~Vp-p 
• Low Current Noise-Better 
than OP-O?,O.O?pA/-JHz 


• Battery-Powered 
Precision Instrumentation 
Strain Gauge Signal Conditioners 
Thermocouple 
Amplifiers 
Instrumentation 
Amplifiers 
• 4mA-20mA Current Loop Transmitters 
• Multiple Limit Threshold Detection 
• Active Filters 
• Multiple Gain Blocks 


LT1013DS8 


Dual Precision Op Amp 


The LT1013 is the first precision dual op amp in the 8-pin 
small outline (SO) package, upgrading the performance 
of 
such popular devices as the MC1458, LM358 and OP·221. 


The LT1013's low offset voltage of 200~V, drift of O.7~V/oC, 
offset current of 0.2nA, gain of ? million, 
common-mode 
rejection 
of 114dB, and power supply rejection 
of 117dB 
qualify it as two truly precision operational 
amplifiers. 
Par· 
ticularly 
important 
is the low offset voltage, since no off· 
set null terminals 
are provided in the dual configuration. 
Although supply current is only 350~A per amplifier, 
a new 
2 


output stage design sources and sinks in excess of 20mA 
of load current, while retaining high voltage gain. 


The LT1013 can be operated off a single 5V power supply: 
input common-mode 
range includes 
ground; the output 
can also 
swing 
to within 
a few 
millivolts 
of ground. 
Crossover distortion, 
so apparent on previous single·sup· 
ply designs, 
is eliminated. 
A full set of specifications 
is 
provided with ± 15V and single 5V supplies. 


USE TYPE K THERMOCOUPLES. 
ALL RESISTORS ~ 1% FILM. 


COLO JUNCTION 
COMPENSATION 
ACCURATE 
TO ± 1'C FROM O'C - 
50'C. 


USE 4TH AMPLIFIER 
FOR OUTPUT C. 


Supply Voltage 
± 22V 
Differential 
Input Voltage 
± 30V 
Input Voltage 
Equal to Positive Supply Voltage 
......... 
5V Below Negative Supply Voltage 
Output Short Circuit 
Duration 
Indefinite 
Operating 
Temperature 
Range 
O°C to 70°C 
Storage Temperature 
Range 
All Grades 
- 65°C to 150°C 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


ORDER PART 
NUMBER 


LT1013DS8 


PART MARKING 


1013 


LT1013D 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
200 
800 
pV 


Long Term Input Offset Voltage Stability 
0.5 
pV/Mo. 


los 
Input Offset Current 
0.2 
1.5 
nA 


IB 
Input Bias Current 
15 
30 
nA 


en 
Input Noise Voltage 
0.1Hz to 10Hz 
0.55 
pVp-p 


en 
Input Noise Voltage Density 
fo = 10Hz 
24 
nV/v'Hz 
10= 1000Hz 
22 
nV/v'Hz 


in 
Input Noise Current Density 
fo = 10Hz 
007 
pAlv'Hz 


Input Resistance-Differential 
(Note 1) 
70 
300 
MO 
Common·Mode 
4 
GO 


AVOL 
Large Signal Voltage Gain 
Vo= ± 10V, RL,,2k 
1.2 
7.0 
VlpV 
Vo= +10V,RL=6000 
0.5 
2.0 
VlpV 


Input Voltage Range 
+ 13.5 
+13.8 
V 
-15.0 
-15.3 
V 


CMRR 
Common-Mode Rejection Ratio 
VCM = ± 13.5V, -15.0V 
97 
114 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±2Vto 
±18V 
100 
117 
dB 


Channel Separation 
Vo= +10V,RL=2k 
120 
137 
dB 


VOUT 
Output Voltage Swing 
RL = 2k 
+ 12.5 
±14 
V 


Slew Rate 
0.2 
0.4 
Vips 


Is 
Supply Current 
Per Amplifier 
0.35 
0.55 
mA 


ELECTRICAL CHARACTERISTICS 


Vs + = + 5V, Vs - = ov, VOUT = 1.4V, VCM = ov, TA = 25°C, unless otherwise noted 


LT1013D 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
250 
950 
~V 


los 
Input Offset Current 
0.3 
2.0 
nA 


IB 
Input Bias Current 
18 
50 
nA 


AVOL 
Large Signal Voltage Gain 
Vo= 5mV to 4V, RL= 50011 
1.0 
V/~V 


Input Voltage Range 
+3.5 
+3.8 
V 
0 
-0.3 
V 


VOUT 
Output Voltage Swing 
Output Low, No Load 
15 
25 
mV 
Output Low, 60011toGround 
5 
10 
mV 
Output Low, IS1NK = 1mA 
220 
350 
mV 
Output High, No Load 
4.0 
4.4 
V 
Output High, 60011to Ground 
3.4 
4.0 
V 


Is 
Supply Current 
PerAmplifier 
0.32 
0.50 
mA 


LT1013D 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
230 
1000 
~V 
Vs= +5V,OV;Vo=1.4V 
• 
280 
1200 
~V 


Average Input Offset Voltage Drift 
(Note 2) 
• 
0.7 
5.0 
~V/oC 


los 
Input Offset Current 
• 
0.3 
2.8 
nA 
Vs= +5V,OV;Vo=1.4V 
• 
0.5 
6.0 
nA 


IB 
Input Bias Current 
• 
16 
38 
nA 
Vs= +5V,OV;Vo=1.4V 
• 
24 
90 
nA 


AVOL 
Large Signal Voltage Gain 
Vo= ±10V, RL=2k 
• 
0.7 
4.0 
V/~V 


CMRR 
Common-Mode Rejection Ratio 
VCM = ± 13.0V, -15.0V 
• 
94 
113 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±2Vto 
±18V 
• 
97 
116 
dB 


VOUT 
Output Voltage Swing 
RL= 2k 
• 
±12.0 
±13.9 
V 
Vs = + 5V, OV;RL= 60011 
Output Low 
• 
6 
13 
mV 
Output High 
• 
3.2 
3.9 
V 


Is 
Supply Current per Amplifier 
• 
0.37 
0.60 
mA 
Vs= + 5V, OV;Vo= 1.4V 
• 
0.34 
0.55 
mA 


The. 
denotes the specifications 
which apply over the fuii operating tem- 
perature range. 


Note1: This parameter is guaranteed by design and is not tested. Typical 
parameters are defined as the 60% yield of parameter distributions 
of 
individual amplifiers; i.e., out of 100 LT1013stypicaiiy 120 op amps will be 
belter than the indicated specification. 


Note 2: This parameter is not 100% tested. 


• Guaranteed Slew Rate 
• Guaranteed Offset Voltage 
- 55°C to 125°C 
• Guaranteed Drift 
• Guaranteed 
Bias Current 
70°C 
125°C 
• Gain-Bandwidth Product 
• Settling Time to 0.05% (10V Step) 


23V / p'SMin. 
250p.V Max. 
750p.V Max. 


5p.V/oCMax. 


180pA Max. 


4nA Max. 
8.5MHzTyp. 
0.9p.sTyp. 


APPLICATions 


• Fast D/ A Output Amplifiers (12, 14, 16 Bits) 
• High Speed Instrumentation 
• Fast, Precision Sample and Hold 
• Voltage-to-Frequency 
Converters 
• Logarithmic Amplifiers 


LT1022 


High Speed, Precision 
JFETInput Operational 
Amplifier 


DESCRIPTion 


The LT1022 JFET input operational amplifier 
combines 
high speed and precision performance. 


A 26V / p.S slew rate and 8.5MHz gain-bandwidth 
product 
are simultaneously achieved with offset voltage of typical- 
ly 80p.V, 1.5p.V/ °C drift, bias currents of 50pA at 70°C, 
500pA at 125°C. The output delivers 20mA of load cur- 
rent without gain degradation. 


The 250p.V maximum offset voltage specification 
repre- [II 
sents less than 
1/2 least significant 
bit error in a 14-bit, 


10V system. 


The LT1022A meets or exceeds all OP-16A and OP-16E 
specifications. 
It is faster and more accurate 
without 
stability problems at cold temperatures. 


The LT1022 can be used as the output amplifier for 12-bit 
current output D/ A converters, 
as shown below. 


For a more accurate, lower power dissipation, 
but slower 
JFET input op amp, 
please refer to the LT1055 data 
sheet. 


Supply Voltage. . . . . . . . . . . . . . . . . . . . . . . .. 
± 20V 
Differential Input Voltage 
±40V 
Input Voltage. 
. . . . . . . . . . . . . . . . . . . . . . . .. 
±20V 
Output Short Circuit Duration 
Indefinite 
Operating Temperature Range 
LT1022AM/1022M 
-55°Cto 
125°C 
LT1022AC/1022C 
O°Cto70°C 
Storage Temperature Range 
All Devices 
-65°Cto150°C 
Lead Temperature (Soldering. 
10sec.) 
300°C 


TOPVIEW 


N/C 


B 


4 


V- 


METALCANH PACKAGE 


TOPVIEW 


~:o: 
:~;: 
V- 
4 
5 BAL 


PLASTICDIPNBPACKAGE 


ORDER PART 
NUMBER 


LT1022AMH 
LT1022MH 
LT1022ACH 
LT1022CH 


ELECTRICAL CHARACTERISTICS 


Vs= 
±15V. 
TA=25°C. 
VCM=OV 
unless otherwise 
noted 


LT1022AM 
LT1022M 
LT1022CH 
LT1022AC 
LT1022CN8 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


vas 
Input Offset Voltage (Note 1) 
H Package 
- 
80 
250 
- 
100 
600 
p.V 
N8 Package 
- 
- 
- 
- 
160 
1000 
p.V 


los 
Input Offset Current 
Fully Warmed Up 
- 
2 
10 
- 
2 
20 
pA 


18 
Input Bias Current 
Fully Warmed Up 
- 
±10 
±50 
- 
±10 
±50 
pA 
VcM=+10V 
- 
+30 
+100 
- 
+30 
+150 
pA 


Input Resistance-Differential 
- 
10'2 
- 
- 
10'2 
- 
{} 


-Common-Mode 
VCM= -11V 
to +8V 
- 
10'2 
- 
- 
10'2 
- 
{} 


VCM= +8V to + 11V 
- 
10" 
- 
- 
10" 
- 
{} 


Input Capacitance 
- 
4 
- 
- 
4 
- 
pF 


en 
Input Noise Voltage 
0.1Hz to 10Hz 
- 
2.5 
- 
- 
2.8 
- 
p.Vp-p 


en 
Input Noise Voltage Density 
10= 10Hz {Note 2) 
- 
28 
50 
- 
30 
60 
nVI-JHz 


10= 1kHz (Note 3) 
- 
14 
20 
- 
15 
22 
nV/-JHz 


in 
Input Noise Current Density 
10= 10Hz, 1kHz (Note 4) 
- 
1.8 
4 
- 
1.8 
4 
IA/-JHz 


AVOL 
Large Signal Voltage Gain 
Vo-±10V 
RL-2k 
150 
400 
- 
120 
400 
- 
VlmV 
RL= 1k 
130 
300 
- 
100 
300 
- 
V/mV 


Input Voltage Range 
±10.5 
±12 
- 
±10.5 
±12 
- 
V 


CMRR 
Common-Mode Rejection Ratio 
VCM= ± 10.5V 
86 
94 
- 
82 
92 
- 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ± 10V to ± 18V 
88 
104 
- 
86 
102 
- 
dB 


VOUT 
Output Voltage Swing 
RL=2k 
±12 
±13.2 
- 
±12 
±13.2 
- 
V 


SR 
Slew Rate 
23 
26 
- 
18 
24 
- 
V/p.S 


GBW 
Gain-Bandwidth Product 
1-1MHz 
- 
8.5 
- 
- 
8.0 
- 
MHz 


Is 
Supply Current 
- 
5.2 
7.0 
- 
5.2 
7.0 
mA 


Settling Time 
A= +1 or A=-1 
10V Step to 0.05% 
- 
0.9 
- 
- 
0.9 
- 
p.S 


10V Step to 0.02% 
- 
1.3 
- 
- 
1.3 
- 
p.S 


Offset Voltage Adjustment Range 
RpoT= 100k 
- 
±7 
- 
- 
±7 
- 
mV 


LT1022AC 
LT1022CH 
LT1022CNB 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vas' 
Input Oflset Voltage 
H Package 
• 
- 
140 
480 
- 
180 
1000 
p.V 
(Note 1) 
N8 Package 
• 
- 
- 
- 
- 
300 
1700 
p.V 


Average Temperature 
H Package 
• 
- 
1.3 
5.0 
- 
1.8 
9.0 
p.V/oC 
Coeflicient of Input Oflset 
N8 Package (Note 5) 
• 
- 
- 
- 
- 
3.0 
15.0 
p.V1°C 
Voltage 


los 
Input Offset Current 
Warmed Up,TA= 70°C 
• 
- 
15 
80 
- 
18 
100 
pA 


Ie 
Input Bias Current 
Warmed Up, TA= 70°C 
• 
- 
± 50 
± 200 
- 
±60 
±250 
pA 


AVOL 
Large Signal Voltage Gain 
Vo= ± 10V, RL = 2k 
• 
80 
250 
- 
60 
250 
- 
V/mV 


CMRR 
Common-Mode Rejection Ratio 
VCM = ± 10.4V 
• 
85 
93 
- 
80 
91 
- 
dB 
PSRR 
Power Supply Rejection Ratio 
Vs= ± 10V to ± 1ljV 
• 
86 
103 
- 
84 
101 
- 
dB 
VOUT 
Output Voltage SWing 
RL = 2k 
• 
±12 
± 13.1 
- 
± 12 
±13,1 
- 
V 


LT1022AM 
LT1022M 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vas 
Input Oflset Voltage 
(Note 1) 
• 
- 
230 
750 
- 
300 
1500 
p.V 


Average Temperature 
(Note 5) 
• 
- 
1.5 
5.0 
- 
2.0 
9.0 
p.V/oC 
Coeflicient of Input Oflset 
Voltage 


los 
Input Oflset Current 
Warmed Up, TA = 125°C • 
- 
03 
20 
- 
0.30 
3.0 
nA 


Ie 
Input Bias Current 
Warmed Up, TA = 125°C • 
- 
±0,5 
±4.0 
- 
±0.7 
±60 
nA 
AVOL 
Large Signal Voltage Gain 
Vo= ±10V, 
RL=2k 
• 
40 
120 
- 
35 
120 
- 
V/mV 
CMRR 
Common-Mode Rejection Ratio 
VCM= 
± 10.4V 
• 
85 
92 
- 
80 
90 
- 
dB 
PSRR 
Power Supply Rejection Ratio 
Vs= ± 10V to ± 17V 
• 
86 
102 
- 
84 
100 
- 
dB 
VOUT 
Output Voltage Swing 
RL = 2k 
• 
± 12 
± 129 
- 
± 12 
± 12.9 
- 
V 


The. 
denotes the specifications which apply over the full operating 


temperature range. 


Note 1: Oflset voltage is measured under two diflerent conditions: 
(a) approximately 0,5 seconds after application of power; 
(b) at TA = 25°C, with the chip self-heated to approximately 45°C to 
account for chip temperature rise when the device is fully warmed up. 


Note 2: 10Hz noise voltage density is sample tested on every lot of A 
grades, Oevices 100% tested at 10Hz are available on request. 


Note 3: This parameter is tested on a sample basis only. 


Note 4: Current noise is calculated from the formula: in= (2qle)'h, where 
q = 1,6 X 10-19 coulomb. The noise of source resistors up to 1Gfl 
swamps the contribution of current noise. 


Note 5: Oflset voltage drift with temperature is practically unchanged 
when the oflset voltage is trimmed to zero with a 100k potentiometer be- 
tween the balance terminals and the wiper tied to V+ . Oevices tested to 
tighter drift specifications are available on request. 
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The typical behavior of many LT1022 parameters 
is identical to the LT1056. Please refer to the LT1055/ 
1056 data sheet 
for the following 
typical 
performance 
characteristics: 


Input Bias and Offset Currents 
vs Temperature 


Input Bias Current 
Over the Common-Mode 
Range 


Distribution 
of Input Offset Voltage (H and NO Package) 


Distribution 
of Offset Voltage Drift with Temperature 


warm-Up 
Drift 


Long Term Drift of Representative 
Units 


O.lHz to 10Hz Noise 


Voltage Noise vs Frequency 


Noise vs Chip Temperature 


Output Impedance 
vs Frequency 


Common-Mode 
Range vs Temperature 


Common-Mode 
and Power Supply 
Rejections vs 
Temperature 


Common-Mode 
Rejection Ratio vs Frequency 


Power Supply 
Rejection Ratio vs Frequency 


Voltage Gain vs Temperature 


Supply Current vs Supply Voltage 


Output Swing vs Load Resistance 


Short Circuit Current vs Time 


The LT1056 applications information is directly applicable 
to the LT1022. 
Please consult the LT1055/1056 
data 
sheet for details on: 


(1) plug-in compatibility 
to industry standard devices 


(2) offset nulling 
(3) achieving picoampere/microvolt 
performance 


(4) phase-reversal protection 


(5) high speed operation (including 
settling 
time test 
circuit) 


(6) noise performance 


(7) simplified circuit schematic. 
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FEATURES 


• 
Guaranteed Offset Voltage 
50p.VMax. 


• 
Guaranteed 
Bias Current 
25°C 
120pA Max. 


- 55°C to 125°C 
700pA Max. 


• 
Guaranteed 
Drift 
1.5p.V/oCMax. 


• 
Low Noise, 0.1 Hz to 10Hz 
0.5p.Vp-p 
• 
Guaranteed 
Supply Current 
600p.A Max. 


• 
Guaranteed 
CMRR 
112dB Min. 


• 
Guaranteed 
PSRR 
112dB Min. 
• 
Guaranteed 
Voltage Gain with 5mA Load Current 
• 
Guaranteed 
Matching Characteristics 


• Strain Gauge Signal Conditioner 
• Dual Limit Precision Threshold Detection 
• Charge Integrators 
• Wide Dynamic Range Logarithmic Amplifiers 
• Light Meters 
• Low Frequency Active Filters 
• Standard Cell Buffers 
• Thermocouple Amplifiers 


LT1024 


Dual, Matched 
Picoampere, 
Microvolt 
Input 
Low Noise Op Amp 


DESCRIPTiOn 


The LT1024 dual, matched internally compensated uni- 
versal precision operational amplifier can be used in prac- 
tically all precision 
applications 
requiring 
multiple 
op 
amps. The LT1024 combines picoampere bias currents 
(which are maintained over the full 
- 55°C to 125°C 
temperature 
range), 
microvolt offset voltage (and low 
drift with time and temperature), 
low voltage and current 
noise, and low power dissipation. 
Extremely high com- 
mon-mode and power supply rejection ratios, practically 
2 


immeasurable warm-up 
drift, and the ability to deliver 
5mA load current with a voltage gain of a million round out 
the LT1024's 
superb precision specifications. 


Tight matching 
is guaranteed 
on offset voltage, 
non- 
inverting 
bias currents 
and common-mode 
and power 
supply rejections. 


The all-around excellence of the LT1024 eliminates the 
necessity of the time-consuming 
error analysis procedure 
of precision system design in many dual applications; the 
LT1024 can be stocked as the universal dual op amp in 
the 14-pin DIP configuration. 


For a single op amp with similar specifications, 
see the 
LT1012 data sheet; for a single supply dual precision op 
amp in the 8-pin configuration, 
see the LT1013 data 
sheet. 


GAIN-B! 
[1 +1 
(B.1.+lli.) 
+ R2+R3] 
100 


- 
R3 
2 
R1 
R4 
R5 
~ 


·TRIM 
FOR COMMON-MODE 
REJECTION 


tTRIM 
FOR GAIN 


TYPICAL PERFORMANCE: 


OFFSET VOLTAGE = 20"V 
BIAS CURRENT = ± 30pA 


OFFSET CURRENT =3DpA 


Input Bias Current vs 
Temperature 


~ 
0-! 
<n 
~-50 
~~ 
-100 


-150 
-50 
-25 
0 
25 
50 
75 
100 
125 
TEMPERATURE ('C) 


ABSOLUTE 
mAXimum 
RATinGS 


Supply Voltage. 
. . . . . . . . . . . . . . . . . . . . . . .. 
± 20V 


Differential Input Current (Note 1) 
±10mA 


Input Voltage 
± 20V 
Output Short Circuit Duration 
Indefinite 
Operating Temperature 
Range 
LT1024AM/LT1024M 
-55°Cto 
125°C 
LT1024AC/LT1024C 
O°Cto70°C 
Storage Temperature 
Range 
All Devices 
-65°Cto150°C 
Lead Temperature (Soldering, 
10sec.) 
300°C 
o PACKAGE 
N PACKAGE 
14 PINHERMETIC 
14 PINPLASTIC 
(SIDEBRAZED) 


NOTE: DEVICEMAY BEOPERATEDEVENIF INSERTION 
IS REVERSED;THIS IS OUETO INHERENTSYMMETRYOF 
PIN LOCATIONSOFAMPLIFIERSA ANDB (NOTE2). 


ORDER PART 
NUMBER 


LT1024AMD 
LT1024MD 
LT1024ACN 
LT1024CN 


ELECTRICAL CHARACTERISTICS 
vs= 
±15V, 
VCM=OV, 
TA=25°C 
unless otherwise noted 


Individual Amplifiers 


LT1 024AM 
/ LT1 024AC 
LT1 024M 
/ LT1 024C 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VOS 
Input 
Offset 
Voltage 
15 
50 
20 
100 
p.V 


Lona Term Input 
Offset 
Voltage 
Stability 
0.3 
0.3 
p.V/monfh 


los 
Input 
Offset 
Current 
20 
100 
25 
180 
pA 


IB 
Input 
Bias Current 
±25 
± 120 
±30 
±200 
pA 


en 
Input 
Noise 
Voltage 
O.lHz 
to 10Hz 
0.5 
0.5 
p.Vp-p 


en 
Input 
Noise Voltage 
Density 
fo= 
10Hz 
(Note 
3) 
17 
33 
17 
33 
nV/& 


fo= 
1000Hz 
(Note 
3) 
14 
24 
14 
24 
nV/& 


in 
Input 
Noise 
Current 
Density 
fo= 
10Hz 
20 
20 
fA/& 


AVOL 
Large 
Signal 
Voltage 
Gain 
VOUT= 
± 12V, 
RL", 
10kfl 
250 
2000 
180 
2000 
V/mV 


VOUT= 
±10V, 
RL",2kfl 
150 
1000 
100 
1000 
V/mV 


CMRR 
Common-Mode 
Rejection 
Ratio 
VCM= 
±13.5V 
112 
.132 
108 
132 
dB 


PSRR 
Power 
Supply 
Rejection 
Ratio 
Vs= 
±2V 
to ±20V 
112 
132 
108 
132 
dB 


Input 
Voltage 
Range 
± 13.5 
±14.0 
± 13.5 
±14.0 
V 


VOUT 
Output 
Voltage 
SWing 
RL = lOkfl 
±13 
±14 
±13 
±14 
V 


Slew 
Rate 
0.1 
0.2 
0.1 
0.2 
V/p.s 


Is 
Supply 
Current 
per Amplifier 
380 
600 
380 
700 
p.A 


LT1024AM/LT1024AC 
LT1 024M / LT1 024C 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Input 
Offset 
Voltage 
Match 
- 
20 
75 
- 
25 
150 
p.V 


IB+ 
Average 
Non-Inverting 
Bias 
- 
±30 
± 150 
- 
±40 
±250 
pA 
Current 


los + 
Non-Inverting 
Offset 
Current 
- 
30 
150 
- 
30 
300 
pA 


<lCMRR 
Common 
Mode 
Rejection 
Ratio 
VCM= 
±13.5V 
110 
132 
- 
106 
132 
- 
dB 
Match 


<lPSRR 
Power 
Supply 
Rejection 
Ratio 
Vs=±2Vt020V 
110 
132 
- 
106 
132 
- 
dB 
Match 


Channel 
Separation 
f:5 10Hz 
(Note 
3) 
134 
150 
- 
134 
150 
- 
dB 


VS= 
±15V, 
VCM=OV, 
O°C::5TA::570°C 
for the LT1024AC 
and 
LT1024C; 


-55°C::5TA::5125°C 
for the LT1024AM 
and 
LT1024M 
unless 
otherwise 
noted 


Individual 
Amplifiers 


LT1024AM/LT1024AC 
LT1024M/LT1024C 


SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vas 
Input Offset Voltage 
O°C to 70°C 
• 
30 
120 
35 
200 
p.V 


- 55°C to 125°C 
• 
40 
200 
50 
300 
p.V 


Average Temperature Coefficient of 
• 
0.25 
1.5 
0.3 
2.0 
p.V/oC 
Input Offset Voltage 


los 
Input Offset Current 
O°C to 70°C 
• 
40 
250 
50 
300 
pA 


- 55°C to 125°C 
• 
80 
350 
100 
500 
pA 
Average Temperature Coefficient of 
• 
05 
2.5 
0.7 
3 
pA/oC 


Input Offset Current 


Is 
Input Bias Current 
O°C to 70°C 
• 
±40 
± 250 
±50 
±400 
pA 


- 55°C to 125°C 
• 
±100 
± 700 
±200 
± 1300 
pA 


Average Temperature Coefficient of 
O°C to 70°C 
• 
04 
3 
0.5 
4 
pA/oC 


Input Bias Current 
- 55°C to 125°C 
• 
1 
6 
2 
12 
pA/oC 


AVOL 
Large Signal Voltage Gain 
VOUT= ± 12V, RL;;" 10kfl • 
150 
1000 
150 
1000 
V/mV 


VOUT= ± 10V, RL;;" 2kfl 
• 
100 
600 
100 
600 
V/mV 
CMRR 
Common-Mode Rejection Ratio 
VCM- ±13.5V 
• 
108 
128 
106 
128 
dB 
PSRR 
Power Supply Rejection Ratio 
Vs= ± 2.5V to ± 18V 
• 
108 
128 
106 
128 
dB 


Input Voltage Range 
• 
±13.5 
±13.5 
V 
VOUT 
Output Voltage Swing 
RL= 10kfl 
• 
±13 
±14 
±13 
±14 
V 


Is 
Supply Current 
• 
400 
800 
400 
900 
p.A 


LT1024AM ILT1024AC 
LT1024M I LT1024C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage Match 
O°C to 70°C 
• 
35 
170 
45 
300 
p.V 
- 55°C to 125°C 
• 
- 
50 
280 
- 
70 
500 
p.V 


Input Offset Voltage Tracking 
• 
- 
0.3 
2.0 
- 
0.4 
3.5 
p.V/oC 
is+ 
Average Non-Inverting Bias Current 
O°C to 70°C 
• 
±40 
±300 
±50 
±500 
pA 
- 55°C to 125°C 
• 
- 
± 100 
±800 
- 
±200 
± 1400 
pA 


los + 
Non-Inverting Offset Current 
O°C to 70°C 
• 
- 
40 
300 
- 
50 
500 
pA 


- 55°C to 125°C 
• 
- 
80 
800 
- 
150 
1500 
pA 


~CMRR 
Common-Mode Rejection Ratio Match 
VCM= ± 13.5V 
• 
106 
128 
- 
104 
128 
- 
dB 


~PSRR 
Power Supply Rejection Ratio Match 
Vs- 
±2.5Vto 
±18V 
• 
106 
128 
- 
104 
128 
- 
dB 


The. 
denotes the specifications which apply over the full operating 
temperature range. 


Note 1: Differential input voltages greater than 1V will cause excessive 
current to flow through the input protection diodes unless limiting 
resistance is used. 


Note 2: The V+ supply terminals are completely independent and may 
be powered by separate supplies if desired (this approach, however, 
would sacrifice the advantages of the power supply rejection ratio 
matching). The V- 
supply terminals are both connected to the common 


substrate and must be tied to the same voltage. Both V- 
pins should be 
used. 


Note 3: This parameter is tested on a sample basis only. 


Optional 
Offset 
Nulling 
Circuit 


v+ 


INPUTOFFSET 
VOLTAGE 
CANSEAOJUSTED 
OVERA ± BOD.VRANGEWITHA5kTO 
lOOkPOTENTIOMETER. 


Offset Voltage vs Source 
Resistance 
(Balanced 
or 
Unbalanced) 


i==Vs 
±15V 


" 
/ 
/ 
V 


55°C TO 125°C 


f-25'C 
~ 


Warm-Up 
Orift 


5 


VS=~15V 
TA=25°C 


/' 
/ 


Input Offset Current vs 
Temperature 


60 


Input Bias Current Over 
Common-Mode 
Range 


60 


~ 


~ 
40 


'-' 
30 


~ 
::: 
20 


~ 


~ 
••.. 
20I 
~ 
in 


~ -20 


Offset Voltage Orift and 
Tracking with Temperature 
of 
Representative 
Units 
Supply Current vs Supply 
Voltage per Amplifier 


500 


25°C 


125°C 
-r 


~ 
20 


w 
'i1 
>:J 
§; 
"'tt-20 
o 


CD INOIVIOUAL AMPLIFIERS 


®TRACKING 
(MATCH DRIFT) 


-60 
-50 
-25· 
0 
25 
50 
75 
100 
125 


TEMPERATURE 1°C) 


Noise Spectrum 


1000 


Total Noise vs Source 
Resistance 


Common-Mode 
Rejection and 
CMRR Match vs Frequency 


140 


~ 
120 
o 
~loo 
zo§ 
80 


ii1 
60 


oo 


;; 
40 
o 
:;; 
8 
20 


Voltage Gain vs Frequency 


140 - 
!. 
I 
.J 


Vs=±15V_ 
\. 
TA=25"C 


I\. 


'\. 


'\. 


"-", 


'":!:!.. 
80 
z~ 
w 
60 
~ 
~ 
40 
~ 


-20 
0.01 
0.1 
1 
10 
100 
lk 
10k lOOk 1M 
10M 


FREOUENCY 
(Hz) 


Small Signal Transient 
Response 


Power Supply Rejection vs 
Frequency 


140 


~ 
120 
o~ 
~100 
o~ 
;;J 
80 


cr~ 
~ 
60 


cr 


~ 
40 


Channel Separation 
vs 
Frequency 


~ 
140 


z 
52 130 
~ 
~ 
120 
~ 


~ 
110 
«[3 100 


Gain, Phase Shift vs Frequency 


40 
100 
10M 


TA=25"C 
Vs= ± 15V 


30 
120i 


3M 


z 
~ 


20 
140ffi 
~ 
e. 
t;: 
w 
1M 
z 
'" 
~ 
I 
« 
10 
160~ 
::; 
0> 
« 
iE 
180 
300k 


Small Signal Transient 
Response 


Voltage Gain vs Load 
Resistance 


Vs 
±15V 
Vo 
±10V 


-55"C 
I--"" 
25"C 
'/...- 
/ 
125"C 


, 
I 
II 
I 


Large Signal Transient 
Response 


The LT1024 may be inserted directly into OP-10, OP-207 
or OP227 sockets with or without removal of external null- 
ing components. 


The LT1024 is specified over a wide range of power supply 
voltages from ± 2V to ± 18V. Operation with lower sup- 
plies is possible down to ± 1.2V (two NiCad batteries). 


Advantages 
of Matched Dual Op Amps 


In many applications, 
the performance 
of a system de- 
pends on the matching between two operational amplifi- 
ers rather than the individual characteristics 
of the two op 
amps. Two or three op amp instrumentation 
amplifiers, 


tracking voltage references, and low drift active filters are 
some of the circuits 
requiring 
matching between two op 
amps. 


The well-known 
triple 
op amp configuration 
illustrates 
these concepts. 
Output offset is a function 
of the dif- 
ference 
between 
the offsets 
of the two halves of the 
LT1024. This error cancellation principle holds for a con- 
siderable number of input-referred 
parameters in addition 
to offset voltage and its drift with temperature. 
Input bias 
current will be the average of the two non-inverting 
input 
currents 
(IB+). The difference 
between these two cur- 


rents (Ios + ) is the offset current of the instrumentation 
amplifier. 
Common-mode 
and power supply 
rejections 
will be dependent 
only on the match between the two 
amplifiers 
(assuming 
perfect resistor matching). 


The concepts of common-mode 
and power supply rejec- 
tion 
ratio 
match 
(.:lCMRR 
and 
.:lPSRR) 
are 
best 
demonstrated 
with a numerical example: 


Assume CMRRA = + 1.0p.VIV or 120dB 
and CMRRB = +0.5p.V/V 
or 126dB, 
then .:lCMRR=0.5p.V/Vor 
126dB 
if CMRRB= 
-0.5p.V/V, 
which is still 126dB, 
then .:lCMRR = 1.5p.VIV or 116.5dB. 


Typical performance 
of the instrumentation 
amplifier: 


Input offset voltage = 25p.V. 
Input bias current=30pA. 
Input resistance = 10120. 
Input offset current = 30pA. 
Input noise = O.7p.Vp-p. 
Power bandwidth 
(Vo = ± 10V) =80kHz. 


Clearly, the LT1024, by specifying and guaranteeing all of 
these matching parameters, can significantly 
improve the 
performance 
of matching dependent circuits. 


TRIM R8 FOR GAIN. 


TRIM 
R9 FOR DC COMMON-MODE 
REJECTION. 


TRIM 
R10 FOR AC COMMON-MODE 
REJECTION. 


R7 
9.76k 
1% 


R9 
50011 


Achieving 
Picoampere / Microvolt 
Performance 


In order to realize the picoampere/microvolt 
level ac- 


curacy of the LT1 024, proper care must be exercised. 
For 
example, 
leakage currents 
in circuitry 
external to the op 
amp can significantly 
degrade performance. 
High quality 
insulation 
should be used (e.g., 
Teflon, Kel-F); cleaning 
of all insulating 
surfaces to remove fluxes and other resi- 
dues will probably 
be required. 
Surface coating may be 
necessary to provide a moisture 
barrier in high humidity 
environments. 


Board leakage can be minimized 
by encircling 
the input 
circuitry 
with a guard ring operated at a potential close to 
that of the inputs: 
in inverting 
configurations, 
the guard 
ring should 
be tied to ground, 
in non-inverting 
connec- 
tions, to the inverting 
input. 
Guarding 
both sides of the 
printed circuit board is required. 
Bulk leakage reduction 
depends on the guard ring width. 
Nanoampere level leak- 
age into the offset trim terminals 
can affect offset voltage 
and drift with temperature. 


Microvolt 
level error voltages can also be generated in the 
external circuitry. 
Thermocouple 
effects caused by tem- 
perature 
gradients 
across dissimilar 
metals at the con- 
tacts to the input terminals 
can exceed the inherent drift 
of the amplifier. 
Air currents 
over device leads should be 
minimized, 
package leads should be short, and the two 
input leads should be as close together as possible and 
maintained 
at the same temperature. 


Test Circuit for Offset Voltage and its Drift with Temperature 


R1 


50k" 


13 
(6) 
Vo 


"RESISTORS 
MUST HAVE LOW 
THERMOELECTRIC 
POTENTIAl. 


""THIS 
CIRCUIT IS ALSO USED AS THE BURN-IN 
CONFIGURATION 
FOR THE LT1D24. 
WITH SUPPLY 


VOLTAGES INCREASED TO ± 2DV. R1 =R3 
=2Dk. 


R2=2Don. 
Av= 
100. 


Vo= 
lDDDVos 


+15V 


TRANSDUCER 


ZERO 


AIlJ 


V,N 
LT137A 
OUT 


"1% 
METAL FILM 
RESISTOR 


GATES = 74CDD 


TRANSDUCER=BLH 
# DHF-1DO PSI 


PRESSURE TRANSDUCER 
0-100 PSI~o-l000 


COUNTS FULL-SCALE 
AT CIRCUIT OUTeUT 


74C74 


PRE 
CLR 


OUTPUT 


13 


16) 


PACKAGE DESCRIPTion 


D14 Package 14-Lead 
Hermetic DIP (Sidebrazedj 


F9 
+£"-'~I 
L~~O] 


(7,f>20) 
"" 


0,165 
.~~ 


0125(1,27(1",0254) 
(1312) 
(i""i'75i 
TYP 


/olIN 
~ 
_ 
0015-0023 
(2,540",0,254) 
(0,381-0,>64) 
Looos-o"'t 
10229-0 
381l 


0325 ~~.~~~ 


~255 ~~~~) 


1.1nV/vlHz Max. at 1kHz 
0.85nV/vlHz Typ. at 1kHz 
1.0nV/vlHz Typ. at 10Hz 
35nVp·p Typ., 0.1Hz to 10Hz 
• 
Voltage and Current Noise 100% Tested 
• 
Gain·Bandwidth 
Product 


• 
Slew Rate 
• 
Offset Voltage 
• 
Voltage Gain 
• 
Drift with Temperature 


• 
Low Noise Frequency Synthesizers 
• 
High Quality Audio 
• 
Infrared Detectors 
• 
Accelerometer 
and Gyro Amplifiers 
• 
3500 Bridge Signal Conditioning 
• 
Magnetic Search Coil Amplifiers 
• 
Hydrophone Amplifiers 


50MHz Min. 


11V/JLs Min. 
40JLVMax. 


7 Million Min. 


0.8JLV/oC Max. 


LT1028 


Ultra-Low 
Noise Precision 
High Speed Op Amp 


The 
LT1028 achieves 
a new 
standard 
of 
excellence 
in 
noise 
performance 
with 
0.85nV/vlHz 
1kHz 
noise, 
1.0nV/vlHz 10Hz noise. This ultra low noise is combined 
with excellent 
high speed specifications 
(gain·bandwidth 
product 
is 75MHz), distortion 
free output, 
and true preci· 
sion parameters 
(0.1JLV/oC 
drift, 
10JLVoffset 
voltage, 
30 
million 
voltage 
gain). Although 
the LT1028 input 
stage 
operates 
at nearly 1mA of collector 
currents 
to achieve 
low voltage noise, input bias current is only 25nA. 


The LT1028's voltage noise is less than the noise of a 500 
resistor. 
Therefore, 
even in very low source 
impedance 
transducer 
or audio amplifier 
applications, 
the LT1028's 
contribution 
to total system noise will be negligible. • 


1 


SQUARE 
WAVE 
QRIVE 
1kHz 


L DEMODULATOR 
SYNC 


Vs 
±15V 


T A 
25°C 


"- 


MAXIMUM 
[ 


""- 
1/fCORNER=14Hz 


TYPICAL 
""'- 
N- 
.•... 


1II CORNER 
35Hz= = 


Supply Voltage 
- 55°C to 105°C 
± 22V 
105°C to 125°C 
± 16V 
Differential 
Input Current (Note 8) 
± 25mA 
Input Voltage 
Equal to Supply Voltage 
Output Short Circuit 
Duration 
Indefinite 
Operating 
Temperature 
Range 
LT1028AM, M 
- 55°C to 125°C 
LT1028AC, C 
0oC to lOoC 
Storage Temperature 
Range 
All Devices 
- 65°C to 150°C 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


TOP VIEW 


Vas TRIM 


8 


4 
v- 


(CASE) 


H8 PACKAGE TO·5 METAL CAN 


6 
OUT 


5 
OVER· 
CaMP 


J8 PACKAGE HERMETIC 
OIP 
N8 PACKAGE PLASTIC alP 


LT1028AMH 
LT1028MH 
LT1028ACH 
LT1028CH 


LT1028AMJ8 
LT1028MJ8 
LT1028ACJ8 
LT1028CJ8 
LT1028ACN8 
LT1028CN8 


LT1028AM/AC 
LT1028M/C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
(Note 1) 
10 
40 
20 
80 
~V 


t:.Vos 
Long Term Input Offset 
(Note 2) 
0.3 
0.3 
~V/Mo 
t:.Time 
Voltage Stability 


los 
Input Offset Current 
VCM= OV 
12 
50 
18 
100 
nA 
IB 
Input Bias Current 
VCM=OV 
±25 
±90 
±30 
±180 
nA 


en 
Input Noise Voltage 
0.1Hz to 10Hz(Note 3) 
35 
75 
35 
90 
nVp·p 


Input Noise Voltage Density 
fo= 10Hz (Note 4) 
1.0 
1.7 
1.0 
1.9 
nV/.JHz 


fo = 1000Hz, 100% tested 
0.85 
1.1 
0.9 
1.2 
nV/.JHz 


in 
Input Noise Current Density 
fo= 10Hz(Notes 3 and 5) 
4.7 
10.0 
4.7 
12.0 
pA/.JHz 
fo = 1000Hz, 100% tested 
1.0 
1.6 
1.0 
1.8 
pAl.JHz 


Input Resistance 
Common·Mode 
300 
300 
M{l 


Differential Mode 
20 
20 
k{l 


Input Capacitance 
5 
5 
pF 


Input Voltage Range 
±11.0 
±12.2 
±11.0 
±12.2 
V 


CMRR 
Common· Mode Rejection 
VcM=±11V 
114 
126 
110 
126 
dB 
Ratio 


PSRR 
Power Supply Rejection 
Vs= ±4Vto 
±18V 
117 
133 
110 
132 
dB 
Ratio 


AYOL 
Large Signal Voltage Gain 
RL~2k{l, Vo= ±12V 
7.0 
30.0 
5.0 
30.0 
Vf~V 
RL~1k{l, Vo= ±10V 
5.0 
20.0 
3.5 
20.0 
V/~V 
RL~6oo{l, Vo= ±10V 
3.0 
15.0 
2.0 
15.0 
V/~V 


VOUT 
Maximum Output Voltage 
RL~2k{l 
±12.3 
±13.0 
±12.0 
±13.0 
V 
Swing 
RL~6000 
±11.0 
±12.2 
±10.5 
+12.2 
V 


SR 
Slew Rate 
AyCL= -1 
11 
15 
11 
15 
V/~s 


GBW 
Gain·Bandwidth Product 
fo = 20kHz (Note 6) 
50 
75 
50 
75 
MHz 
Zo 
Open Loop Output Impedance 
V"=O,I 
=0 
80 
80 
II 


Is 
Supply Current 
7.4 
9.5 
7.6 
10.5 
mA 


LT1028AM 
LT1028M 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
(Note 1) 
• 
30 
120 
45 
180 
~V 


IiVos 
Average Input 
(Note 7) 
• 
0.2 
0.8 
0.25 
1.0 
~V/oC 


IiTemp 
OffsetOrift 


los 
Input Offset Current 
VCM=OV 
• 
25 
90 
30 
180 
nA 


16 
Input Bias Current 
VCM=OV 
• 
±40 
±150 
±50 
±300 
nA 


Input Voltage Range 
• 
±10.3 
±11.7 
±10.3 
±11.7 
V 


CMRR 
Common-Mode Rejection 
VCM= ±10.3V 
• 
106 
122 
100 
120 
dB 
Ratio 


PSRR 
Power Supply Rejection 
Vs= ±4.5Vto 
±16V 
• 
110 
130 
104 
130 
dB 
Ratio 


AVOL 
Large Signal Voltage Gain 
RL2:2kll, Vo= ± 10V 
• 
3.0 
14.0 
2.0 
14.0 
V/~V 
Rt2:1kll, Vo= ± 10V 
2.0 
10.0 
1.5 
10.0 
V/~V 


VOUT 
Maximum Output Voltage 
RL2:2kll 
• 
±10.3 
±11.6 
±10.3 
±11.6 
V 
Swing 


Is 
Supply Current 
• 
8.7 
11.5 
9.0 
13.0 
mA 


LT1028AC 
LT1028C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
(Note 1) 
• 
15 
80 
30 
125 
~V 


IiVos 
Average Input 
(Note 7) 
• 
0.1 
0.8 
0.2 
1.0 
~V/oC 
IiTemp 
OffsetOritt 


los 
Input Offset Current 
VCM= OV 
• 
15 
65 
22 
130 
nA 


16 
Input Bias Current 
VCM= OV 
• 
±30 
±120 
±40 
±240 
nA 


Input Voltage Range 
• 
±10.5 
±12.0 
±10.5 
±12.0 
V 


CMRR 
Common-Mode Rejection 
VCM= ± 10.5V 
• 
110 
124 
106 
124 
dB 
Ratio 


PSRR 
Power Supply Rejection 
Vs= ±4.5Vto 
±18V 
• 
114 
132 
107 
132 
dB 
Ratio 


AvoL 
Large Signal Voltage Gain 
RL2:2kll, Vo= ± 10V 
• 
5.0 
25.0 
3.0 
25.0 
V/~V 
RL2:1kll, Vo= ± 10V 
4.0 
18.0 
2.5 
18.0 
V/~V 


VOUT 
Maximum Output Voltage 
RL2:2kll 
• 
±11.5 
± 12.7 
±11.5 
±12.7 
V 
Swing 
RL2:60011(Note 9) 
±9.5 
±11.0 
±9.0 
±10.5 
V 


Is 
Supply Current 
• 
8.0 
10.5 
8.2 
11.5 
mA 


The. 
denotes the specifications 
which apply over the full operating tem- 
perature range. 


Note 1: Input Offset Voltage measurements are performed by automatic 
test equipment approximately 0.5 sec. after application of power. in addi- 
tion, at TA = 25°C, offset voltage is measured with the chip heated to ap- 
proximately 55°C to account for the chip temperature rise when the device 
is fully warmed up. 


Note 2: Long Term Input Offset Voltage Stability refers to the average trend 
line of Offset Voltage vs. Time over extended periods atter the first 30 days 
of operation. Excluding the initial hour of operation, changes in Vos during 
the first 30 days are typically 2.5~V. 


Note 3: This parameter is tested on a sample basis only. 


Note 4: 10Hz noise voltage density is sample tested on every lot. Devices 
100% tested at 10Hz are available on request. 


Note 5: Current noise is defined and measured with balanced source resis- 
tors. The resultant voltage noise (after subtracting the resistor noise on an 
RMS basis) is divided by the sum of the two source resistors to obtain cur· 
rent noise. Maximum 10Hzcurrent noise can be inferred from 100% testing 
at 1kHz. 


Note 6: Gain-bandwidth product is not tested. It is guaranteed by design 
and by inference from the slew rate measurement. 


Note 7: This parameter is not 100% tested. 


Note 8: The inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise. If differential 
input volt- 


age exceeds ± 1.8V,the input current should be limited to 25mA. 


Note 9: This parameter guaranteed by design, fully warmed up at 
TA= 70oe. It includes chip temperature 
increase due to supply and load 
currents. 


10Hz Voltage Noise Distribution 


180 


158 


Vs~ 
± 15V 
- 
148 
TA=25°C 
- 
500 UNITS 
MEASURED 
FROM 4 RUNS 


- 
70 


57 


-8 
~~ 


i" 
~2.32 
2 
1 
21 
11 


20 


o 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 
VOLTAGENOISE DENSITY (nV/.JHZ) 


Total Noise vs Matched Source 
Resistancev- 
Rs 
// ?' 
t~ 


Y' 


@lkHz'= 
- 
-@lOHzL-:::::~ 
2 Rs NOISE ONLY 


1/ 
Vs= 
± 15V 


r 
I 
TA=25°C 
0.1 


1 
3 
10 
30 
100 
300 
lk 
3k 
10k 


MATCHED SOURCE RESISTANCE, Rs. (Ill 


Vs= 
± 15V 


TA~25°C 


Jl 
I 
~ ~ 
. 
·Ww\~~ Hi." 
'W' wr '-PI ~I 
'f 


Total Noise vs Unmatched Source 
Resistance 


100 


L¥ 
i10 
~ 
~ 


V> 


~ 
1.0 
=t> 


/ 
/ 


r= 


I-- 
I--~ 
V..J' 
@lkHz- 


t:=" 
Rs NOISE ONLY 


V 
I 


Vs= 
± 15V 
TA=25°C 


Wide band Voltage Noise 
(0.1Hz to Frequency Indicated) 


Vs 
± 15V 
TA 
25°C 


/ 


/ 
/ 


0.1 


1 
3 
10 
30 
100 
300 
lk 
3k 
10k 


UNMATCHED SOURCE RESISTANCE, Rs, (Ill 


L 


10nV! 


Current Noise Spectrum 


100 


Voltage Noise vs Temperature 


2.0 


L¥ 
~ 
1.6 
~ 
Vi 
~ 
1.2 


w 
V> 
<5 
~ 
0.8 
'"~ 
o 
;; 
0.4 


~ 


Vs= 
± 15V 


AT1~ -- 
-- ~ 
- 


AT 1kHz 


o 
-50 
-25 
0 
25 
50 
75 
100 
125 
TEMPERATURE (OC) 


Distribution of Input Offset Voltage 


20 


18 


16 


14 


ii 
12 


~ 
10 
Z 
::> 


Vs= 
±15V 
TA=25'C 
800 UNITS TESTED 
FROM FOUR RUNS 


- 
L. 
.J , 
L 
Lr 
h 
.r 
L 


--- 
L. '"L 


o 
-50 
-40 
-30 
-20 
-10 
0 
10 
20 
30 
40 
50 
OFFSET VOLTAGE(.V) 


Offset Voltage Drift with Temperature 
of Representative Units 


50 


40 


30 


:; 
20 


~ 
10 
~~ 
~ -10 


~ -20 


Vs= 
±15V 
./ 
l.,....- i--"""" 


.•.•....•.-- 
.L. 
V 
-- 


I-""" 
-- 
- 


-30 


-40 


-50 
-50 
-25 
0 
25 
50 
75 
100 
125 
TEMPERATURE ('C) 


Input Bias and Offset Currents 
Warm·Up Drift 
Over Temperature 


24 
60 


Vs=±15V 
Vs= 
± 15V 
TA=25'C 
~ 
VCM=OV 
~ 


20 
50 
'" 
>- 


w 
z 


'" 


w 
~ 
16 
'" 
40 
'" 
::> 
0 
'-' 
> 
tu 
METAL CAN (H) PACKAGE 
i 
it 


12 
30 


0 
0 
~ 
~ 
w 
« 
20 
~ 
'"« 
« 
in 
i3 
>- 
10 
::>~~ 


1 
2 
3 
4 
-25 
0 
25 
50 
75 
100 
125 


TIME AFTER POWERON (MINUTES) 
TEMPERATURE ('C) 


Voltage Noise vs Supply Voltage 


1.5 


~ 


~ 
1.25 
~~~ 
~ 
1.0 
i5z 
w 
'";,; 
50.75 
> 
'"~ 


TA=25'C 


AT 10Hz 
- 
AT 1kHz 
- 
- 


Supply Current vs Temperature 


10 


I 
I 


v~= 
± lhv -- 
::::..:I--t _-- 


.•.•....•. - 


-V;-=±~v 
..... 


Long Term Stability of Five 
Representative Units 


10 
Vs= 
±15V 
TA=25'C 
1=0 AFTER 1 DAY PRE·\\Io\RM UP .-- 
•.....•V 


./ 


...;:: ...... 
\. 


~ 


o 
-50 
-25 
0 
25 
50 
75 
100 
125 
TEMPERATURE ('C) 


-8 


-10 
o 


Bias Current Over the Common·Mode 
Range 


100 


80 


80 
! 
>- 
40I 20 


::>'-'~ 
in 
~ -20 


~ -40 


-60 


-80 
-15 
-10 
-5 
0 
5 
10 
15 


COMMON·MODE INPUT VOLTAGE(V) 


Output Short Circuit Current vs Time 


50 


40 


'" 
~~ 
30 


~~ 
20 


~ 
(I) 
10 


::>'-' 
to 
::> 
:E 
-10 
u 
~ ~ -20 
0;;;: 
~ ~ -30 


"""'- 
"- 
-55'C 
Vs= 
±15V 
-- 
25'C 
- 


125'C 


125'C 
- 
I25'C 
---- 


I 55'C 
-40 


-50 


o 
1 
2 
3 
TIME FROM OUTPUT SHORT TO GROUND (MINUTES) 


Voltage 
Gain vs Frequency 


160 


140 


120 


~100 
z 
60 
~ 
'" 
60 
'"~ 
0 
40 
> 


20 


f--- ...... 
Vs= 
± 15V 


~ 


TA=25°C 
Rl ~2k 


'\. 


'\. 


~ \. 


\ 
\ 


Gain, Phase vs Frequency 


70 


10 
Vs= 
± 15V 
TA=25°C 
Cl=10pF 


Voltage Gain vs Load Resistance 


100 
Vs~ 
± 15V 


Common· Mode Rejection 
Ratio 


YS Frequency 


140 


~ 
120 


o 


~ 
100 


zo 
@ 
80 


~ 
o 
60 
o~o 
40 


'"8 
20 


Vs- 
± 15V 


TA 
25°C 
1"'- 
"'" 
'" 


'" 


o 
10 
100 
lk 
10k 
lOOk 
1M 
10M 
FREQUENCY(Hz) 


Gain Error vs Frequency 
Closed Loop Gain = 1000 


1.0 


-20 
0.01 
0.1 
1 
10 
100 
lk 
10k lOOk 1M 10M 100M 
FREQUENCY(Hz) 


Voltage 
Gain vs Supply Voltage 


100 


TA 
25°C 


Rl 
2kl1 


~11 


Q 
- 


60 


50 ~~ 
0.1 
40 ~ ~ 
5.; '" 
30~ 
~ 
'0 
z 
20 ~ 
<i' 


fl: 
'" 
0.01 


10.!'l 


-10 
0.001 


100M 
01 


Capacitance 
Load Handling 


80 


60 


;j 
50 
5 


~ 
40 


~ 
30 


Vs= 
± 15V 
TA=25°C 


100 
1000 
10,000 
CAPACITIVELOAD, Cl, (pF) 


Common·Mode 
Limit Over 


Temperature 


V~ 
±~v 


Vs 
± 15V 
- 
- 


Vs=±5VTO 
±15V 


V- 
-50 
-25 
0 
25 
50 
75 
100 
125 


TEMPERATURE(0G) 


Power Supply Rejection 
Ratio 


vs Frequency 


160 


~ 
140 
o 
~ 
120 


~ 
100 
~ 
~ 
80 


~ 
60 
~ 
'"'" 
40 
~ 
"- 
20 


l,.s/DIVISIDN 


Ay= 
-1, 
RS=Rt=2k, 
Ct=30pF 


Total Harmonic Distortion vs 
Frequency and Load Resistance 


0.1 


Ay= 
-1000 
RL=2k 


Ay'; -1000 
RL=60011 


'Vo::20Vp-p 


Vs= ± 15V 
TA=25°C 


10 
100 
FREOUENCY(kHz) 


0.2,.s/DIVISION 


Ay= 
-1, 
Rs=Rt=2kll 


Ct=30pF, 
CL =60pF 


Maximum Undistorted Output 
vs Frequency 


30 - 
- 


Vs- 
± 15V 


:::: 
::::: 


TA=25°C 
_RL=2kll 


- 
- 
- 


- 
- 
- 
- 


- 
- 
" 


t--. 
- 
- 


Slew Rate, Gain·Bandwidth·Product 
vs Over-Compensation Capacitor 


100 
10,000 


Total Harmonic Distortion vs Closed 
Loop Gain 


0.1 


zo 
~ 
0.01 
[;i 
is 
'-'Zo 
'"~ 
0.001 
~ 
;£ 
'" 


Closed Loop Output Impedance 


100 


10 
§: 
w~ 
~ 
'" 
>- 
01 
=>~ 
>- 
=> 
0 


0.01 


Slew Rate, Gain·Bandwidth Product 
Over Temperature 


16 


17 
60 


~ 


16 
70 


~ 
15 
60 


~ 
14 
50 


13 
40 


12 
30 


-50 
-25 
0 
25 
50 
75 
100 
125 


TEMPERATURElOG) 


~ 


10 
1000 '" 


2:- 
,. 
Z 
w 
1"i 
~ 
~ 


\:.1 


100 "' 


CDCFROM PIN 5 TO PIN 6 
Vs= 
± 15V 


TA=25°C 
0.1 
lD 
1 
10 
100 
1000' 
10,000 
OVER-COMPENSATIONCAPACITOR(pF) 


APPLICATions INFoRmATion 
-noISE 


Voltage Noise vs Current Noise 


The LT1028's less than 1nV/.JHz voltage noise is three 
times better than the lowest voltage noise heretofore 
available (on ttie LT1007/1037).A necessary condition for 
such low voltage noise is operating the input transistors 
at nearly 1mA of collector currents, because voltage noise 
is inversely proportional to the square root of the collector 
current. Current noise, however, is directly proportional to 
the square root of the collector current. Consequently, the 
LT1028's current noise is significantly higher than on most 
monolithic op amps. 


Therefore, to realize truly low noise performance it is im· 
portant to understand the interaction 
between voltage 
noise (en),current noise (in)and resistor noise (rn). 


Total Noise vs Source Resistance 


The total input referred noise of an op amp is given by 


et = [en2 + rn2 + (inReq)2]1/2 


where Reqis the total equivalent source resistance at the 
two inputs 


and 
rn=.j4kTReq=0.13~ 
in nV/.JHzat25°C 


As a numerical example, consider the total noise at 1kHz 
of the gain 1000amplifier shown below. 


Req= 1000+ 1000~1OOk'" 2000 
rn= 0.13.J200= 1.84nV/.JHz 
en= 0.85nV/.JHz 
in= 1.0pAl.JHz 
et = [0.852+ 1.842+ (1.0X 0.2)~1I2 = 2.04nV/.JHz 


output noise = 1000et = 2.04jlV/VHz 


At very low source resistance (Req<400) voltage noise 
dominates. As Reqis increased resistor noise becomes 
the largest term-as 
in the example above-and 
the 
LT1028's voltage noise becomes negligible. As Reqis fur· 
ther increased, current noise becomes important. At 1kHz, 
when Reqis in excess of 20kO,the current noise compo· 
nent is larger than the resistor noise. The total noise ver- 
sus matched source resistance plot illustrates the above 
calculations. 


The plot also shows that current noise is more dominant 
at low frequencies, such as 10Hz.This is because resistor 
noise is flat with frequency, while the 1/f corner of current 
noise is typically at 250Hz. At 10Hz when Req> 1kO, the 
current noise term will exceed the resistor noise. 


When the source resistance is unmatched, the total noise 
versus unmatched source resistance plot should be con· 
suited. Note that total noise is lower at source resistances 
below 1kObecause the resistor noise contribution is less. 
When Rs> 1kOtotal noise is not improved, however. This 
is because bias current cancellation is used to reduce in· 
put bias current. The cancellation 
circuitry injects two 
correlated current noise components into the two inputs. 
With matched source resistors the injected current noise 
creates a common-mode voltage noise and gets rejected 
by the amplifier. With source resistance in one input only, 
the cancellation noise is added to the amplifier's inherent 
noise. 


In summary, the LT1028is the optimum amplifier for noise 
performance-provided 
that the source resistance is kept 
low. The following table depicts which op amp manufac- 
tured by Linear Technology should be used to minimize 
noise-as 
the source resistance is increased beyond the 
LT1028's level of usefulness. 


Best Op Amp for Lowest Total Noise 
vs Source Resistance 


SOURCE RESISTANCE 
BESTOPAMP 
(Note 1) 
AT LOW FREQ (10Hz) 
WIDEBAND (1kHz) 
o to 4000 
LT1028 
LT1028 
4000 to 4kO 
LT1007/1037 
LT1028 
4kOto 40kO 
LT1001 
LT1007/1037 
40kO to 500kO 
LT1012 
LT1001 
500kOt05MO 
LT10120rLT1055 
LT1012 


>5M 
LT1055 
LT1055 


Note1: 
Source resistance is defined as matched or unmatched, e.g., 


Rs= 1kOmeans: 1kOat each input, or 1kOat one input and zero at the other. 


APPLICATions INFoRmATion 
-noISE 


Noise Testing-Voltage 
Noise 


The LT1028'sRMSvoltage noise density can beaccurately 
measured using the Quan Tech Noise Analyzer, Model 
5173 or an equivalent noise tester. Care should be taken, 
however, to subtract the noise of the source resistor used. 
Prefabricated test cards for the Model 5173set the device 
under test in a closed loop gain of 31 with a 600 source 
resistor and a 1.8kO feedback resistor. The noise of 
this 
resistor 
combination 
is 0.13.J58= 1.0nV/.JHz. An 
LT1028with 0.85nV/.JHznoise will read (0.852+ 1.02)1/2= 
1.31nV/.JHz.For better resolution, the resistors should be 
replaced with a 100 source and 3000 feedback resistor. 
Even a 100 resistor will show an apparent noise which is 
8-10% too high. 


The 0.1Hz to 10Hz peak-to-peak noise of the LT1028 is 
measured in the test circuit shown. The frequency re- 
sponse of this noise tester indicates that the 0.1Hzcorner 
is defined by only one zero. The test time to measure 0.1Hz 
to 10Hznoise should not exceed 10seconds, as this time 
limit acts as an additional zero to eliminate noise con- 
tributions from the frequency band below 0.1Hz. 


Measuring the typical 35nV peak-to-peak noise perform- 
ance of the LT1028requires special test precautions: 


(a) The device should be warmed up for at least five min- 


utes. As the op amp warms up, its offset voltage 
changes typically 10~Vdue to its chip temperature in- 
creasing 30°C to 40°C from the moment the power 
supplies are turned on. In the 10second measurement 
interval these temperature-induced effects can easily 
exceed tens of nanovolts. 


(b) For similar reasons, the device must be well shielded 
from air currents to eliminate the possibility of thermo- 
electric effects in excess of a few nanovolts, which 
would invalidate the measurements. 


(c) Sudden motion in the vicinity of the device can also 


"feedthrough" to increase the observed noise. 


A noise-voltage density test is recommended when meas- 
uring noise on a large number of units. A 10Hz noise-volt- 
age density measurement will correlate well with a 0.1Hz 
to 10Hzpeak-to-peak noise reading since both results are 
determined by the white noise and the location of the 1/f 
corner frequency. 


0.1 Hz to 10Hz pop Noise 
Tester Frequency 
Response 


~ 
70 


:z 


~ 
60 


APPLICATions INFoRmATion 
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Noise Testing-Current 
Noise 


Current noise density (in) is defined by the following 
formula, and can be measured in the circuit shown: 


. 
[en02- (31x 18.4nV/.JHz)~1I2 
In= 
20kx31 


If the Quan Tech Model 5173is used, the noise reading is 
input-referred, therefore the result should not be divided 
by 31;the resistor noise should not be multiplied by 31. 


100% Noise Testing 


The 1kHzvoltage and current noise is 100% tested on the 
LT1028as part of automated testing; the approximate fre- 
quency response of the filters is shown. The limits on the 
automated testing are established by extensive correla- 
tion tests on units measured with the Quan Tech Model 
5173. 


10Hz voltage noise density is sample tested on every lot. 
Devices 100% tested at 10Hzare available on request for 
an additional charge. 


10Hzcurrent noise is not tested on every lot but it can be 
inferred from 100% testing at 1kHz. A look at the current 
noise spectrum plot will substantiate this statement. The 
only way 10Hz current noise can exceed the guaranteed 
limits is if its 1/f corner is higher than 800Hz and/or its 
white noise is high. If that is the case then the 1kHz test 
will fail. 
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General 


The LT1028 series devices may be inserted directly into 
OP-07,OP-27,OP-37,LT1007and LT1037sockets with or 
without removal of external nulling components. In addi- 
tion, the LT1028may be fitted to 5534sockets with the re- 
moval of external compensation components. 


Offset Voltage Adjustment 


The input offset voltage of the LT1028and its drift with 
temperature, are permanently trimmed at wafer testing to 
a low level. However, if further adjustment of Vas is neces- 
sary, the use of a 1k nulling potentiometer will not degrade 
drift with temperature. Trimming to a value other than zero 
creates a drift of (Vasl300)/lV/oC,e.g., if Vas is adjusted to 
300/lV, the change in drift will be 1/lVroC. 


The adjustment range with a 1k pot is approximately 
± 1.1mV. 


Offset Voltage and Drift 


Thermocouple effects, caused by temperature gradients 
across dissimilar metals at the contacts to the input 
terminals, can exceed the inherent drift of the amplifier 
unless proper care is exercised. Air currents should be 
minimized, package leads should be short, the two input 
leads should be close together and maintained at the 
same temperature. 


APPLICATions InFoRmATion 


The circuit shown to measure offset voltage is also used 
as the burn·in configuration for the LT1028. 


Test Circuit for Offset Voltage 
and Offset Voltage Drift with Temperature 
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Frequency Response 


The LT1028'sGain, Phasevs Frequency plot indicates that 
the device is stable in closed loop gains greater than + 2 
or -1 because phase margin is about 50° at an open loop 
gain of 6dB. In the voltage follower configuration phase 
margin seems inadequate. This is indeed true wh~n the 
output is shorted to the inverting input and the non·lnvert· 
ing input is driven from a 500 source impedance. However, 
when feedback is through a parallel R-Cnetwork (provided 
Ct<68pF), the LT1028will be stable because of interaction 
between the input resistance and capacitance and the 
feedback network. Larger source resistance at the non·in- 
verting input has a similar effect. The following voltage 
follower configurations are stable: 


Another configuration which requires unity gain stability 
is shown below. When Ct is large enough to effectively 
short the output to the input at 15MHz,oscillations can oc· 
cur. The insertion of RS2~5000 will prevent the LT1028 
from oscillating. When RS1~5000, the additional noise 
contribution due to the presence of RS2will be minimal. 
When RS1~ 1000,RS2is not necessary, because RS1repre- 
sents a heavy load on the output through the Ct short. 
When 1000< RS1<5000, RS2should match RS1.For exam- 
ple, RS1= RS2= 3000will be stable. The noise increase due 
to RS2is 40%. 
c, 


If Ct is only used to cut noise bandwidth, a similar effect 
can beachieved using the over·compensation terminal. 


The Gain, Phase plot also shows that phase margin is 
about 45° at a gain of 10(20dB).The following configura· 
tion has a high (",70%) overshoot without 
the 10pF 
capacitor because of additional phaseshift caused by the 
feedback resistor-input 
capacitance pole. The presence 
of the 10pF capacitor cancels this pole and reduces over- 
shoot to 5%. 


Over·Compensation 


The LT1028is equipped with a frequency over-compensa· 
tion terminal (pin 5).A capacitor connected between pin 5 
and the output will reduce noise bandwidth. Details are 
shown on the Slew Rate, Gain-Bandwidth Product vs 
Over-Compensation Capacitor plot. An additional benefit 
is increased capacitive load handling capability. 
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1.2nV/v'Hz Max. at 1kHz 
0.9nV/v'Hz Typ. at 1kHz 
1.0nV/v'Hz Typ. at 10Hz 
35nVp-p Typ., 0.1Hz to 10Hz 
• 
Voltage and Current Noise 100% Tested 
• 
Gain-Bandwidth 
Product 
• 
Slew Rate 
• 
Offset Voltage 
• 
Voltage Gain 
• 
Drift with Temperature 


50MHz Min. 
11V//ls Min. 
80/lV Max. 
5 Million Min. 
1/lV/oC Max. 


• 
Low Noise Frequency Synthesizers 
• 
High Quality Audio 
• 
Infrared Detectors 
• 
Accelerometer 
and Gyro Amplifiers 
• 
3500 Bridge Signal Conditioning 
• 
Magnetic Search Coil Amplifiers 
• 
Hydrophone 
Amplifiers 


LT1028CS 


Ultra-Low 
Noise Precision 
HighSpeed Op Amp 


The 
LT1028 
achieves 
a new 
standard 
of 
excellence 
in 
noise 
performance 
with 
0.9nV/v'Hz 
1kHz 
noise, 
1.0nV/v'Hz 10Hz noise. This ultra low noise is combined 
with excellent 
high speed specifications 
(gain-bandwidth 
product 
is 75MHz), distortion 
free output, 
and true preci- 
sion parameters 
(0.2/lVfOC drift, 
20/lV offset 
voltage, 
30 
million 
voltage 
gain). Although 
the LT1028 input 
stage 
operates 
at nearly 1mA of collector 
currents 
to achieve 
~ 
low voltage noise, input bias current is only 30nA. 
•• 


The LT1028's voltage noise is less than the noise of a 500 
resistor. 
Therefore, 
even in very low source 
impedance 
transducer 
or audio amplifier 
applications, 
the LT1028's 
contribution 
to total system noise will be negligible. 


1 
SOUARE 
WAVE 
ORIVE 
1 


Vs 
± 15V 


TA 
2S'C 


"- 


MAXIMUM 


I 


""- 
1If CORNER ~ 14Hz 


TYPICAL 
.........• 
-lL 


T 


35Hz= = 


1If CORNER 


Supply Voltage 
± 22V 
Differential 
Input Current (Note 4) 
± 25mA 
Input Voltage 
Equal to Supply Voltage 
Output Short Circuit 
Duration 
Indefinite 
Operating 
Temperature 
Range 
O°C to lOoC 
Storage Temperature 
Range 
All Devices 
- 65°C to 150°C 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


LT1028CS 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
(Note 1) 
20 
80 
~V 


I!.Vos 
Long Term Input Offset Voltage 
(Note 2) 
0.3 
~V/Mo 


I!.Time 
Stability 


los 
Input Offset Current 
VCM=OV 
18 
100 
nA 


Is 
Input Bias Current 
VCM= OV 
+30 
+180 
nA 


en 
Input Noise Voltage 
0.1Hz to 10Hz (Note 3) 
35 
90 
nVp-p 


Input Noise Voltage Density 
fo = 10Hz (Note 3) 
1.0 
1.9 
nV/.JHz 
fo= 1000Hz, 100% tested 
0.9 
1.2 
nV/.JHz 


in 
Input Noise Current Density 
fo = 10Hz (Notes 3 and 5) 
4.7 
12.0 
pAJ.JHz 
fo= 1000Hz, 100% tested 
1.0 
1.8 
pAJ.JHz 


Input Resistance 
Common-Mode 
300 
MO 


Differential Mode 
20 
kO 


Input Capacitance 
5 
pF 


Input Voltage Range 
±11.0 
±12.2 
V 


CMRR 
Common-Mode Rejection Ratio 
VcM=±l1V 
110 
126 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±4Vto 
±18V 
110 
132 
dB 


AVOL 
Large Signal Voltage Gain 
RL,,2kO, Vo= ± 12V 
5.0 
30.0 
V/~V 
RL"lkO, 
Vo= ± 10V 
3.5 
20.0 
V/~V 
RL,,6000, Vo= ± 10V 
2.0 
15.0 
V/~V 


VOUT 
Maximum Output Voltage Swing 
RL,,2kO 
±12.0 
±13.0 
V 
RL,,6000 
+10.5 
+12.2 
V 


SR 
Slew Rate 
AVCL= -1 
11 
15 
V/~s 


GBW 
Gain·Bandwidth 
Product 
fo= 20kHz (Note 6) 
50 
75 
MHz 


Zo 
Open Loop Output Impedance 
Vo=O,lo=O 
80 
0 


Is 
Supply Current 
7.6 
10.5 
mA 


LT1028CS 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
(Note 1) 
• 
30 
125 
~V 


aVos 
Average Input Offset Drift 
(Note 7) 
• 
0.2 
1.0 
~V/oC 
aTemp 


los 
Input Offset Current 
VCM=OV 
• 
22 
130 
nA 


18 
Input Bias Current 
VCM=OV 
• 
±40 
±240 
nA 


Input Voltage Range 
• 
±10.5 
±12.0 
V 


CMRR 
Common·Mode Rejection Ratio 
VCM= ±10.5V 
• 
106 
124 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±4.5Vto 
±18V 
• 
107 
132 
dB 


AVOL 
Large Signal Voltage Gain 
RL",2kO, Vo= ± 10V 
• 
3.0 
25.0 
VI~V 
RL",1kO, Vo= ± 10V 
2.5 
18.0 
V/~V 


Vour 
Maximum Output Voltage Swing 
RL",2kO 
• 
±11.5 
±12.7 
V 


Is 
Supply Current 
• 
8.2 
11.5 
mA 


The. 
denotes the specifications 
which apply over the full operating tem- 


perature range. 


Note 1: Input Offset Voltage measurements are performed by automatic 
test equipment approximately 0.5 sec. after application of poweLln addi- 
tion, at TA = 25°C, offset voltage is measured with the chip heated to ap- 
proximately 55°C to account for the chip temperature rise when the device 
is fully warmed up. 


Note 2: Long Term Input Offset Voltage Stability refers to the average trend 
line of Offset Voltage vs. Time over extended periods after the first 30 days 
of operation. Excluding the initial hour of operation, changes in Vos during 
the first 30 days are typically 2.5~V. 


Note 3: This parameter is tested on a sample basis only. 


Note 4: The inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise. If differential input volt· 
age exceeds ± 1.8V,the input current should be limited to 25mA. 


Note 5: Current noise is defined and measured with balanced source resis· 
tors. The resultant voltage noise (after subtracting the resistor noise on an 
RMS basis) is divided by the sum of the two source resistors to obtain cur· 
rent noise. Maximum 10Hz current noise can be inferred from 100% testing 
at 1kHz. 


Note 6: Gain·bandwidth product is not tested. It Is guaranteed by design 
and by inference from the slew rate measurement. 


Note 7: This parameter is not 100% tested. 


• No External Components Required 
• Noise Tested and Guaranteed 
• Low Aliasing Errors 
• Maximum Offset Voltage 5/lV 
• Maximum Offset Voltage Drift 0.5/lV/oC 
• Low Noise 1.6/lVp,p(0.1Hzto 10Hz) 
• Minimum Voltage Gain, 130dB 
• Minimum PSRR,125dB 
• Minimum CMRR,120dB 
• Low Supply Current 1mA 
• Single Supply Operation 4.75Vto 16V 
• Input Common Mode Range Includes Ground 
• Output Swings to Ground 
• Typical Overload RecoveryTime 3ms 


• Thermocouple Amplifiers 
• Electronic Scales 
• Medical Instrumentation 
• Strain Gauge Amplifiers 
• High Resolution Data Acquisition 
• DCAccurate R,C Active Filters 


LTC1050 


Precision Chopper 
Stabilized 
Operational 
Amplifier With 
Internal Capacitors 


DESCRIPTiOn 


The LTC1050is a high performance, low cost chopper sta- 
bilized operational amplifier. The unique achievement of 
the LTC1050is that it integrates on chip the two sample- 
and-hold capacitors usually required externally by other 
chopper amplifiers. 
Further, the LTC1050 offers better 
combined overall DC and AC performance than is avail- 
able from other chopper stabilized amplifiers with or with- 
out internal sample/hold capacitors 


The LTC1050 has an offset voltage of 0.5/lV, drift of IJI 
0.01/lV/oC,DC to 10Hz,input noise voltage of 1.6/lVp-p and 
a typical voltage gain of 160dB.The slew rate of 4V//ls and 
a gain bandwidth product of 2.5MHz are achieved with 
only 1mA of supply current. 


Overload recovery times 
from 
positive 
and negative 
saturation conditions 
are 1.5ms and 3ms respectively, 


which represents an improvement of about 100times over 
chopper amplifiers using external capacitors. Pin 5 is an 
optional external clock input, useful for synchronization 
purposes. 


The LTC1050is available in standard a-pin metal can, plas- 
tic and ceramic dual in line packages as well as an a-pin 
soa package. The LTC1050can be an improved plug in re- 
placement for most standard op amps. 


TYPICAL APPLICATiOn 


High Performance Low Cost Instrumentation Amplifier 
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Total Supply Voltage 01+ to V -) 
18V 
Input Voltage 
(V+ + 0.3V)to (V- 
- 0.3V) 
Output Short Circuit Duration 
Indefinite 


Operating Temperature Range 
LTC1050 AM/M 
- 55°C to 125°C 
LTC1050AC/C 
- 40°C to 85°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 
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ELECTRICAL CHARACTERISTICS 
VS= ±5V,TA= operating temperature range unless otherwise specified. 


LTC10SOAM 
LTC10SOAC 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
TA = 25°C (Note 3) 
±0.5 
±5 
±0.5 
±5 
~V 


Average Input Ollset Drift 
(Note 3) 
• 
±0.01 
±0.05 
±0.01 
±0.05 
~V/oC 


Long Term Offset Voltage Drilt 
SO 
SO 
nV/.JMO 


Input Offset Current 
TA = 25°C (Note 5) 
±20 
±60 
±20 
±60 
pA 
• 
±lSO 
±lSO 
pA 


Input Bias Current 
TA = 25°C (Note 5) 
±10 
±30 
±10 
±30 
pA 
• 
±800 
±100 
pA 


Input Noise Voltage 
0.1Hz to 10Hz (Note 6) 
1.6 
2.1 
1.6 
2.1 
~Vp-p 
DCto1Hz 
0.6 
0.6 
~Vp-p 


Input Noise Current 
I = 10Hz (Note 4) 
2.2 
2.2 
IAJ.fHZ 


Common Mode Rejection Ratio 
VCM = V - to +2.7V, TA = 25°C 
120 
140 
120 
140 
dB 
• 
120 
120 
dB 


Power Supply Rejection Ratio 
Vs= ±2.375Vto 
±8V 
• 
125 
140 
125 
140 
dB 


Large Signal Voltage Gain 
RL=10kO, Vour= ±4V 
• 
130 
160 
130 
160 
dB 


Maximum Output Voltage Swing 
RL= 10kO 
• 
±4.7 
±4.85 
±4.7 
±4.85 
V 
RL= 100kO 
+4.95 
+4.95 
V 


Slew Rate 
RL= 10kO,CL= SOpF 
4 
4 
V/~s 


Gain Bandwidth Product 
2.5 
2.5 
MHz 


Supply Current 
No Load, TA = 25°C 
1 
1.5 
1 
1.5 
mA 
• 
2.3 
2.3 
mA 


Internal Sampling Frequency 
2.5 
2.5 
kHz 


ELECTRICAL 
CHARACTERISTICS 


VS= ± 5V, TA= operating temperature range unless otherwise specified. 


LTC10SOM 
LTC10SOC 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
TA= 25°C (Note 3) 
±0.5 
±5 
±0.5 
±5 
~V 


Average Input Offset Drift 
(Note 3) 
• 
±0.01 
±0.05 
±0.01 
±0.05 
~V/oC 


Long Term Offset Voltage Drift 
50 
50 
nV/.JMO 


Input Offset Current 
TA= 25°C (Note 5) 
±20 
±100 
±20 
±125 
pA 
• 
±200 
±200 
pA 


Input Bias Current 
TA= 25°C (Note 5) 
±10 
±50 
±10 
±75 
pA 
• 
± 1000 
±150 
pA 


Input Noise Voltage 
Rs= 1000, 0.1Hz to 10Hz (Note 6) 
1.6 
1.6 
~Vp.p 
Rs= 1000, DC to 1Hz 
0.6 
0.6 
~Vp'P 


Input Noise Current 
f = 10Hz (Note 4) 
2.2 
2.2 
fAJ.JFfi 


Common Mode Rejection Ratio 
VCM = V - to + 2.7V,TA=25°C 
114 
130 
114 
130 
dB 
• 
110 
110 
dB 


Power Supply Rejection Ratio 
Vs = ± 2.375V to ± 8V 
• 
120 
140 
120 
140 
dB 


Large Signal Voltage Gain 
RL=10kO, VOUT= ±4V 
• 
120 
160 
120 
160 
dB 


Maximum Output Voltage Swing 
RL = 10kO 
• 
±4.7 
±4.85 
±4.7 
±4.85 
V 
RL=100kO 
±4.95 
±4.95 
V 


Slew Rate 
RL = 10kO,CL = 50pF 
4 
4 
V/~s 


Gain Bandwidth Product 
2.5 
2.5 
MHz 


Supply Current 
No Load, TA= 25°C 
1 
1.5 
1 
1.5 
mA 
• 
2.3 
2.3 
mA 


Internal Sampling Frequency 
2.5 
2.5 
kHz 


The. 
denotes the specifications 
which apply over the full operating tem- 
perature range. 


Note 1: Absolute Maximum ratings are those values beyond which life of 
the device may be impaired. 


Note 2: Connecting any terminal to voltages greater than V + or less than 
V - may cause destructive latch-up. It is recommended that no sources 
operating from external supplies be applied prior to power-up of the 
LTC1050. 


Note 3: These parameters are guaranteed by design. Thermocouple effects 
preclude measurement of these voltage levels in high speed automatic test 
systems. Vas is measured to a limit determined by test equipment capability. 


Note 4: Current Noise is calculated from the formula: In = ,J(2q tlb) 
where 
q = 1.6 X 10-19 Coulomb. 


Note 5: AtT A:SOoCthese parameters are guaranteed by design and not 
tested. 


Note 6: Every lot of LTC1050AM and LTC1050AC is 100% tested for Broad- 
band Noise @ 1kHz and sample tested for input Noise Voltage @ 0.1Hz to 
10Hz. 
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Picoamperes 


In order to realize the picoampere level of accuracy of the 
LTC1050,proper care must beexercised. Leakage currents 
in circuitry external to the amplifier can significantly de- 
grade performance. High quality insulation should be 
used (e.g., Teflon, Kel'F); cleaning of all insulating sur- 
faces to remove fluxes and other residues will probably be 
necessary - 
particularly for high temperature perfor- 
mance. Surface coating may be necessary to provide a 
moisture barrier in high humidity environments. 


Board leakage can be minimized by encircling the input 
connections with a guard ring operated at a potential 
close to that of the inputs: in inverting configurations the 
guard ring should be tied to ground; in non-inverting con- 
nections to the inverting input (see Figure 1). Guarding 
both sides of the printed circuit board is required. Bulk 
leakage reduction depends on the guard ring width. 


Microvolts 


Thermocouple effects must beconsidered if the LTC1050's 
ultra low drift is to be fully utilized. Any connection of 
dissimilar metals forms a thermoelectric junction produc- 
ing an electric potential which varies with temperature 
(Seebeck effect). As temperature sensors, thermocouples 
exploit this phenomenon to produce useful information. In 
low drift amplifier circuits the effect is a primary source of 
error. 


Connectors, switches, relay contacts, sockets, resistors, 
solder, and evencopper wire are all candidates for thermal 
EMF generation. Junctions of copper wire from different 
manufacturers can generate thermal EMFs of 200nV/oC- 
4 times the maximum drift specification of the LTC1050. 
The copper/kovar junction, formed when wire or printed 
circuit traces contact a package lead, has a thermal EMF 
of approximately 35p.V/oC- 
700 times the maximum drift 
specification of the LTC1050. 


Minimizing thermal EMF-induced errors is possible if 
judicious attention is given to circuit board layout and 
component selection. It is good practice to minimize the 
number of juctions in the amplifier's input signal path. 
Avoid connectors, sockets, switches and relays where 
possible. In instances where this is not possible, attempt 
to balance the number and type of junctions so that dif- 
ferential cancellation occurs. Doing this may involve de- 
liberately introducing junctions 
to offset 
unavoidable 
junctions. 


Figure 2 is an example ot the introduction of an unneces- 
sary resistor to promote differential 
thermal balance. 


Maintaining compensating junctions 
in close physical 
proximity will keep them at the same temperature and reo 
duce thermal EMFerrors. 


When connectors, switches, relays and/or 
sockets are 
necessary they should be selected for low thermal EMF 
activity. The same techniques of thermally balancing and 
coupling the matching junctions are effective in reducing 
the thermal EMFerrors of these components. 


Resistors are another source of thermal EMFerrors. Table 
1shows the thermal EMFgenerated for different resistors. 
The temperature gradient across the resistor is important, 
not the ambient temperature. There are two junctions 
formed at each end of the resistor and if these junctions 
are at the same temperature, their thermal EMFs will can- 
cel each other. The termal EMF numbers are approximate 
and vary with resistor value. High values give higher ther· 
mal EMF. 


Resistor Type 
Thermal EMF/oC Gradient 


Tin Oxide 
-mV/oC 


Carbon Composition 
-450~V/oC 


Metal Film 
-20~V/oC 


Wire Wound 
Evenohm 
-2~V/oC 
Manganin 
-2~V/oC 


PACKAGE·INDUCED OFFSET VOLTAGE 


Package-induced thermal EMF effects are another im· 
portant source of errors. It arises at the copper/kovar junc- 
tions formed when wire or printed circuit traces contact a 
package lead. Like all the previously mentioned thermal 
EMFeffects, it is outside the LTC1050'soffset nulling loop 
and cannot be cancelled. Metal can H packages exhibit 
the worst warm·up drift. The input offset voltage specifica· 
tion of the LTC1050is actually set by the package-induced 
warm-up drift rather than by the circuit itself. The thermal 
time constant ranges from 0.5to 3 minutes, depending on 
package type. 


OPTIONAL EXTERNAL CLOCK 


An external clock is not required for the LTC1050to oper- 
ate. The internal clock circuit of the LTC1050sets the nom· 
inal sampling frequency at around 2.5kHz.This frequency 
is chosen such that it is high enough to remove the am- 


plifier 1/f noise, yet still low enough to allow internal cir· 
cuits to sell Ie. The oscillator of the internal clock circuit 
has a frequency 4 times the sampling frequency and its 
output is brought out to pin 5 through a 2kOresistor. When 
the LTC1050operates without using an external clock, pin 
5 should be left floating and capacitive loading on this pin 
shoud be avoided. If the oscillator signal on pin 5 is used 
to drive other external circuits, a buffer with low input 
capacitance is required to minimize loading on this pin. 
Figure 3 illustrates the internal sampling frequency versus 
capacitive loading at pin 5. 
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Figure 3. Sampling Frequency vs 
Capacitance Loading at Pin 5 


When an external clock is used, it is directly applied to 
pin 5. The internal oscillator signal on pin 5 has very low 
drive capability and can be over·driven by any external 
signal. When the LTC1050operates on ± 5V power sup- 
plies, the external clock level is TIL compatible. 


Using an external clock can affect performance of the 
LTC1050.Effects of external clock frequency on input off· 
set voltage and input noise voltage are shown in the sec- 
tion of typical performance characteristics. The sampling 
frequency is the external clock frequency divided by 4. In· 
put bias currents at temperatures below 100°C are dom· 
inated by the charge injection of input switches and they 
are basically proportional to the sampling frequency. At 
higher temperatures, input bias currents are mainly due to 
leakage currents of the input protection devices and are 
insensitive to the sampling frequency. 


LTC1050 


LOW SUPPLY OPERATION 


The minimum supply for proper operation of the LTC1050 
is typically below 4.0V (±2.0V). In single supply applica- 
tions, PSRR is guaranteed down to 4.7V (± 2.35V) to en- 
sure proper operation down to the minimum TIL specified 
voltage of 4.75V. 


PIN COMPATIBILITY 


The LTC1050is pin compatible with the a-pin versions of 
7650, 7652 and other chopper-stabilized amplifiers. The 
7650 and 7652 require the use of two external capacitors 


connected to pin 1 and a which are not needed for the 
LTC1050.Pin 1and pin a of the LTC1050are not connected 
internally while pin 5 is an optional external clock input 
pin. The LTC1050can be a direct plug in for the 7650 and 
7652 even if the two capacitors are left on the circuit 
board. 


In applications operating from below + 16V total power 
supply, (± aV), the LTC1050 can replace many industry- 
standard operational amplifiers such as the 741, LM101, 
LM10a,OP07,etc. For devices like the 741 and LM101, the 
removal of any connection to pin 5 is all that is needed. 


TYPICAL APPLICATiOnS 
Strain Gauge Signal Conditioner with Bridge Excitation 
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• Guaranteed 
Max. Offset 
• Guaranteed 
Max. Offset Drift 
• Typ. Offset Drift 
• 
Excellent Long Term Stability 
• 
Guaranteed Max. Input Bias Current 
• 
Over Operating Temperature Range 
Guaranteed 
Min. Gain 
120dB 
Guaranteed 
Min. CMRR 
120dB 
Guaranteed 
Min. PSRR 
120dB 
• 
Single Supply Operation 
4. 75V to 16V 
(Input Voltage Range Extends to Ground) 
• 
External Capacitors can be Returned to V- 
with No 
Noise Degradation 


APPLICATions 


• Thermocouple 
Amplifiers 
• Strain Gauge Amplifiers 
• Low Level Signal Processing 
• Medical Instrumentation 


LTC1052/LTC7652 


Chopper-Stabilized 
Operational 
Amplifier (CSOA™) 


DESCRIPTiOn 


The 
LTC1052 
and 
LTC7652 
are 
low 
noise Chopper- 
stabilized op amps (CSOA™) manufactured 
using Linear 
Technology's enhanced LTCMOS™ silicon gate process. 
Chopper-stabilization 
constantly corrects offset voltage er- 
rors. Both initial offset and changes in the offset due to time, 
temperature 
and common-mode 
voltage are corrected. 
This, coupled with picoampere input currents, gives these 
amplifiers unmatched performance. 


Low frequency 
(1 If) noise is also improved by the chop- 
ping technique. 
Instead of increasing 
continuously 
at a 
3dB/octave 
rate, the internal chopping 
causes noise to 
decrease at low frequencies. 


The chopper circuitry 
is entirely internal and completely 
transparent 
to the user. Only two external capacitors are 
required to alternately sample and hold the offset correc- 
tion voltage and the amplified 
input signal. 
Control cir- 
cuitry is brought out on the 14-pin version to allow the 
sampling of the LTC1052 to be synchronized 
with an ex- 


ternal frequency 
source. 


VOS=3,V 
vosdT= 
5OnV/OC 


NOISE = O.06,Vp·p 
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CSOA™ 
and LTCMOS™ 
are trademarks 
of linear 
Technology 
Corporation. 


Tellon 1M 
is a trademark 
01 DuPont. 


(Notes 1 and 2) 


TotalSupplyVoltage(V+ 
toV-) 
18V 
Input Voltage 
(V+ +O.3V) to (V- 
- O.3V) 
Output Short Circuit Duration 
, Indefinite 
Operating Temperature Range 
LTC1052C/LTC7652C 
-40°C 
to 85°C 
LTC1052M 
-55°Cto 
125°C 
Storage Temperature Range 
- 55°C to 150°C 


Lead Temperature (Soldering, 
10sec.) 
300°C 


PACKAGE/ORDER 
InFORmATiOn 


ORDER PART 
NUMBER 


LTC7652CH 


TOP VIEW 
coo. 


8 


REPLACES 


ICL7652CTV 
ICL76521TV 
ICL7650CTV·1 
ICL76501TV-1 


ICL7650CTV 
ICL7650lTV 


ICL7650MTV 


LTC1052CN8 
ICL7650CPA 
LTC1052CJ8 
ICL7650lJA 


6 
OUTPUT 
LTC1052MJ8 


5 
OUTPUT 
CLAMP 


HERMETIC 
DIP J8 PACKAGE 


PLASTIC 
DIP N8 PACKAGE 


CEXTS 
1 
LTC1052CJ 
ICL76521JD 


CEXTA 
2 


NC (GUARD) 
3 
ICL7650lJD 


-IN 4 


LTC1052CN 
ICL7652CPD 


+IN 
5 


NC (GUARD) 
6 
9 
OUTPUT CLAMP 
ICL7650CPD 


v- 
7 
8 
CRfTURN 
LTC1052MJ 
ICL7650MJD 


HERMETIC 
DIP J14 PACKAGE 
PLASTIC 
DIP N14 PACKAGE 


ELECTRICALCHARACTERISTICS 
VS= ±5V, TA= operating temperature 
range, test circuit TC1, unless otherwise specified. 


lTC1052M 
l TC1 052C/ 
l TC7652C 


SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
TA=25°C 
(Note 3) 
±0.5 
±5 
±0.5 
±5 
p.V 


toVos/ t.Temp 
Average 
Input Offset Orift 
(Note 3) 
• 
±0.01 
±0.05 
±0.01 
±0.05 
p.V/oC 


t.Vos/ 
Mime 
long 
Term Offset Voltage Stability 
100 
100 
nV"/Month 


los 
Input Offset Current 
TA=25°C 
±5 
±30 
±5 
±30 
pA 
• 
± 2000 
±350 
pA 


Is 
Input Bias Current 
TA=25°C 
±1 
±30 
±1 
±30 
pA 
• 
± 1000 
± 175 
pA 


enp-p 
Input Noise Voltage 
Rs= 
100n. 
DC to 10Hz. 
TC3 
1.5 
1.5 
p.Vp-p 


Rs= 
100n. 
DC to 1Hz, TC3 
0.5 
05 
p.Vp-p 


in 
Input Noise Current 
f = 10Hz (Note 5) 
0.6 
0.6 
IA/vfu 


CMRR 
Common-Mode 
Rejection 
Ratio 
VCM=V 
to +2.7V 
• 
120 
140 
120 
140 
dB 


PSRR 
Power Supply 
Rejection Ratio 
VSUPPLY- ±2.375V 
to ±8V 
• 
120 
150 
120 
150 
dB 


AVOL 
Large Signal Voltage Gain 
RL=10k, 
VOUT= ±4V 
• 
120 
150 
120 
150 
dB 


VOUT 
Maximum 
Output Voltage Swing 
RL =10k 
• 
±4.7 
±485 
±4.7 
±4.85 
V 


(Note 4) 
RL = 100k 
±4.95 
±4.95 
V 


SR 
Slew Rate 
RL = 10k, CL = 50pF 
4 
4 
V/p.S 


GBW 
Gain Bandwidth 
Product 
1.2 
1.2 
MHz 


Is 
Supply 
Current 
No Load, TA = 25°C 
1.7 
2.0 
1.7 
2.0 
mA 
• 
3.0 
3.0 
mA 


Is 
Internal 
Sampling 
Frequency 
330 
330 
Hz 


Clamp On Current 
RL=100k 
• 
25 
100 
25 
100 
p.A 


Clamp Off Current 
-4V<VOUT< 
+4V 
10 
100 
10 
100 
pA 
• 
2 
1 
nA 


The. 
denotes the specifications 
which apply over the full operating 
temperature range. 


Nole 1: Absolute Maximum Ratings are those values beyond which the 
life of the device may be impaired. 


Nole 2: Connecting any terminal to voltages greater than V + or less than 
V- 
may cause destructive 
latch-up. 
It is recommended that no sources 
operating from external supplies be applied prior to power-up of the 
LTC10521LTC7652. 


Nole 3: These parameters are guaranteed by design. Thermocouple ef· 
fects preclude measurement of these voltage levels in high speed 
automatic testing. Vos is measured to a limit determined by test equip- 
ment capability. Voltages on CEXTAand CEXTB,AvoL, CMRR and PSRR 
are measured to insure proper operation of the nulling loop to insure 
meeting the Vos and Vos drill specifications. 
See Package-Induced 
Vos 
in applications 
section. 


Nole 4: Output clamp not connected. 


Nole 5: Current noise is calculated from the formula: in=(2q 
IB)'h, 
where q = 1.6 X 10-19 
coulomb. 
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TEST CIRCUITS 


Electrical Characteristics 
Test Circuit (TC1) 
DC to 1DHz and DC to 1Hz Noise Test Circuit (TC3) 


C2 
C3 


R2 
R4 


v+ 
6 
OUTPUT 


R3 
(NOISE x 20,000) 


34k 


34k 


-= 


v- 


BANOWIOTH 
Rl 
R2 
R3 
R4 
C2 
C3 
C4 


10Hz 
16.21l 
162k 
16.2k 
16.2k 
O.l"F 
1.0"F 
1.0"F 


1Hz 
1621l 
162k 
162k 
162k 
1.0"F 
1.0"F 
1.0"F 


The shaded portion of the LTC1052 block diagram (Figure 1) 
entirely determines the amplifier's DC characteristics. Dur- 
ing the auto-zero portion of the cycle, the inputs are shorted 
together and a feedback path is closed around the input 
stage to null its offset. Switch S2 and capacitor CEXTAact as 
a sample and hold to store the nulling voltage during the 
next step-the 
sampling cycle. 


In the sampling 
cycle, the zeroed amplifier 
is used to 
amplify the differential input voltage. Switch S2 connects 
the amplified input voltage to CEXTBand the output gain 
stage. CEXTBand S2 act as a sample and hold to store the 
amplified 
input 
signal during 
the auto-zero 
cycle. 
By 
switching 
between these two states at a frequency much 
higher than the signal frequency, 
a continuous 
output 
results. 


Notice that during the auto-zero cycle the inputs are not 
only shorted together, but are also shorted to the negative 
input. This forces nulling with the common-mode voltage 
present and accounts for the extremely high CMRR of the 
LTC1052. In the same fashion, variations in power sup- 
ply are also nulled. For nulling to take place, the offset 
voltage, common-mode 
voltage and power supply must 
not change at a frequency which is high compared to the 
frequency 
response of the nulling loop. 


So far, the DC performance of the LTC1052 has been ex- 
plained. 
As the input signal frequency 
increases, 
the 
problem of aliasing must be addressed. 
Aliasing 
is the 
spurious 
formation 
of low and high frequency 
signals 
caused by the mixing of the input signal with the sam- 
pling frequency, 
fs. The frequency of the error signals, 


fE, is: 


fE =fs 
±fl 


where fl = input signal frequency. 


Normally it is the difference frequency (fs - fl ) which is of 
concern 
because the high frequency 
(fs +fl) 
can be 
easily filtered. 
As the input frequency 
approaches 
the 
sampling 
frequency, 
the 
difference 
frequency 
ap- 
proaches zero and will cause DC errors-the 
exact prob- 
lem that the chopping amplifier is meant to eliminate. 


The solution is simple. Filter the input so the sampling loop 
never sees any frequency near the sampling frequency. 


At a frequency 
well below the sampling frequency, 
the 
LTC1052 forces 
11 to equal 
12 (see Figure 1B). This 
makes 0 I zero, thus the gain of the sampling loop zero at 
this and higher frequencies-Le., 
a low pass filter. The 
corner frequency of this low pass filter is set by the output 
stage pole (1 / RL4 gm5 RL5 C2). 


For frequencies 
above this pole, 12is: 


1 
12= VIN gm6 x SC2 x SC1 


and 
C1 
11-12=VIN 
gm1-VIN 
gm6XC2' 


The 
LTC1052 
is 
very 
carefully 
designed 
so 
that 
gm1 = gm6 and C1 = C2. Substituting 
these values in the 
above equation shows 11-12 = O. 


The gm6 input stage, with C1 and C2, not only filters the 
input to the sampling 
loop, but also acts as a high fre- 
quency path to give the LTC1052 good high frequency 
response. The unity-gain 
cross frequencies 
for both the 
DC path and high frequency 
path are identical 
1 
1 
[f3dS=2"1r 
(gm1/C1)=2"1r 
(gm6/C2)]. 


This makes the frequency 
response 
smooth and con- 
tinuous 
and eliminates 
sampling 
noise in the output as 
the loop transitions from the high gain DC loop to the high 
frequency 
loop. 


The typical 
curves 
show just 
how well the amplifier 
works. 
The 
output 
spectrum 
shows 
the 
difference 
frequency (fl - fs = 100Hz) is down by BOdSand the fre- 
quency response curve shows no abnormalities 
or per- 


turbations. 
Also note the well-behaved 
small and large 
signal step responses and the absence of the sampling 
frequency 
in the output spectrum. 
If the dynamics of the 
amplifier, 
i.e., 
slew rate and overshoot, 
depend on the 
sampling clock, the sampling frequency will appear in the 
~ 
output spectrum. 
~ 
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Figure 1. LTC1052 Block Diagram 


.L7UUnt!i 
2-203 


APPLICATions InFoRmATion 


EXTERNAL CAPACITORS 


CEXTAand CEXTBare the holding elements of a sample and 
hold circuit. The important capacitor characteristics 
are 
leakage current and dielectric absorption. A high quality 
film-type capacitor such as mylar or polypropylene pro- 
vides excellent performance. However, low grade capaci- 
tors such as ceramic are suitable in many applications. 


Capacitors with very high dielectric absorption (ceramic) 
can take several seconds to settle after power is first 
turned on. This settling appears as clock ripple on the 
output and, as the capacitor settles, the ripple gradually 
disappears. 
If fast settling after power turn-on is impor- 


tant, mylar or polypropylene is recommended. 


Above 85°C, 
leakage, both from the holding capacitors 
and the printed 
circuit 
board, 
becomes important. 
To 
maintain 
the capabilities 
of the LTC1052 
it may be 
necessary to use Teflon™ capacitors and Teflon standoffs 
when operating at 125°C (see Achieving 
Picoamperel 
Microvolt Performance). 


CEXTAand CEXTBare normally in the range of O.1/lF to 
1.0/lF. All specifications are guaranteed with O.1/lF and 
the broadband 
noise (see typical 
photos) is only very 
slightly degraded with O.1/lF. Output clock ripple is not 
present 
for 
capacitors 
of O.1/lF 
or 
greater 
at any 
temperature. 


On competitive devices, connecting CEXTAand CEXTBto 
Y- 
causes an increase in amplifier noise. Design changes 
have eliminated this problem on the LTC1052. 
On the 
14-pin LTC1052 and 8-pin LTC7652, 
the capacitors can 
be returned to Y- 
or CRETURNwith no change in noise 
performance. 


ACHIEYING PICOAMPERE/MICROYOLT 
PERFORMANCE 


Picoamperes 


In order to realize the picoampere level of accuracy of the 
LTC1052, proper care must be exercised. Leakage cur- 
rents in circuitry external to the amplifier can significantly 
degrade performance. 
High quality insulation should be 
used (e.g., Teflon, Kel-F); cleaning of all insulating sur- 
faces to remove fluxes and other residues will probably be 


necessary-particularly 
for high temperature 
perform- 
ance. Surface coating may be necessary to provide a 
moisture barrier in high humidity environments. 


Board leakage can be minimized by encircling the input 
connections 
with a guard ring operated at a potential 
close to that of the inputs: in inverting configurations 
the 
guard ring should be tied to ground; in non-inverting con- 
nections to the inverting input. Guarding both sides of the 
printed circuit board is required. Bulk leakage reduction 
depends on the guard ring width. 


V+ I 
Goo. 
'8/ 


OUTPUT 
~ 
6 
7 
1 


Thermocouple 
effects 
must 
be 
considered 
if 
the 
LTC1052's 
ultra low drift is to be fully utilized. Any con- 
nection of dissimilar metals forms a thermoelectric junc- 
tion producing 
an electric 
potential which 
varies with 
temperature (Seebeck effect). As temperature sensors, 
thermocouples exploit this phenomenon to produce use- 
ful information. In low drift amplifier circuits the effect is a 
primary source of error. 


Connectors, switches, relay contacts, sockets, resistors, 
solder, and even copper wire are all candidates for ther- 
mal EMF generation. Junctions of copper wire from dif- 
ferent 
manufacturers 
can generate thermal 
EMFs of 
200nV 10 C-4 
times the maximum drift specification 
of 


APPLICATions InFoRmATion 


the LTC1052. 
The copper I kovar junction, 
formed when 
wire or printed circuit traces contact a package lead, has 
a thermal 
EMF of approximately 
35jlV/oC-700 
times 
the maximum 
drift specification 
of the LTC1052. 


Minimizing 
thermal 
EMF-induced 
errors 
is possible 
if 
judicious 
attention 
is given to circuit 
board layout and 
component 
selection. 
It is good practice to minimize the 
number of junctions 
in the amplifier's 
input signal path. 
Avoid connectors, 
sockets, 
switches 
and relays where 
possible. 
In instances where this is not possible, attempt 
to balance the number and type of junctions so that differ- 
ential 
cancellation 
occurs. 
Doing 
this 
may 
involve 
deliberately 
introducing 
junctions 
to offset unavoidable 
junctions. 


Figure 
2 is an example 
of the introduction 
of an un- 
necessary 
resistor 
to 
promote 
differential 
thermal 
balance. 
Maintaining 
compensating 
junctions 
in close 
physical 
proximity 
will keep them at the same tempera- 
ture and reduce thermal 
EMF errors. 


When connectors, 
switches, 
relays and lor sockets are 
necessary they should be selected for low thermal EMF 
activity. The same techniques 
of thermally 
balancing and 
coupling the matching junctions are effective in reducing 
the thermal 
EMF errors of these components. 


Resistors are another source of thermal EMF errors. Table I 
shows the thermal EM F generated for different resistors. 
The temperature gradient across the resistor is important, 


Resistor Type 
Thermal EMF/oC Gradient 
lin Oxide 
-mV/oC 


Carbon Composition 
- 450/,V 1°C 
Metal Film 
-20/,V/oC 


Wire Wound 
Evenohm 
- 2/'V 1°C 
Manganin 
- 2/'V 1°C 


not the ambient 
temperature. 
There are two junctions 
formed at each end of the resistor and if these junctions are 
at the same temperature, 
their thermal EMFs will cancel 
each other. The thermal EMF numbers are approximate 
and vary with resistor value. High values give higher ther- 
mal EMF. 


When all of these errors are considered, 
it may seem im- 


possible 
to take advantage 
of the extremely 
low drift 
specifications 
of the LTC1052. Toshow that this is not the 
case, examine the temperature 
test circuit 
of Figure 3. 


The 
lead 
lengths 
of the 
resistors 
connected 
to the 
amplifier's 
inputs are identical. The thermal capacity and 
thermal resistance each input sees is balanced because 
~ 
of the symmetrical 
connection of resistors and their iden- 
••• 
tical size. Thermal EMF-induced 
shifts are equal in phase 
and amplitude, 
thus cancellation 
occurs. 


Figure 4 shows the response of this circuit under tempera- 
ture transient conditions. Metal film resistors and an 8-pin 
DIPsocket were used. Care was taken in the construction to 
thermally balance the inputs to the amplifier. The units were 
placed in an oven and allowed to stabilize at 25°C. 
The 
recordi ng was started, and after 100 seconds the oven, pre- 
set to 125°C, was switched on. The test was first performed 
on an 8-pin plastic package and then was repeated for a 
TO-5 package plugged into the same test board. It is signifi- 
cant that the change in Vas, even under these severe ther- 
mal transient 
conditions, 
is quite good. As temperature 
stabilizes, note that the steady-state change of Vas is well 
within the maximum ± 0.05jlV 1°C drift specification. 


Very slight air currents can still affect even this arrange- 
ment. Figure 5 shows strip charts of output noise with the 
circuit covered and with no cover in "still" 
air. This data 
illustrates why it is often prudent to enclose the LTC1052 
and its attendant components inside some form of ther- 
mal baffle. 


Since the LTC1052 is constantly fixing its own offset, it 
may be asked why there is any error at all, even under 
transient temperature conditions. 
The answer is simple. 


The LTC1052 can only fix offsets inside its own nulling 
loop. There are many thermal junctions outside this loop 
that cannot 
be distinguished 
from 
legitimate 
signals. 


OVEN 
STABILIZED 
AT 12 MIN 


100 SECOND$IlN 


~20SEC~ 


Figure 5. 
DC to 1Hz (Test Circuit TC3) 


Some have been discussed previously, but the package 
thermal EMF effects are an important source of errors. 


Notice the difference in the thermal response curves of 
Figure 4. This can only be attributed to the package since 
everything else is identical. In fact, the Vas specification 
is set by the package-induced 
warm-up drift, not by the 
LTC1052. TO-99 metal cans exhibit the worst warm-up 
drift and Linear Technology sample tests TO-99 lots to 
minimize this problem. 


Two things make 100% screening costly: (1) the extreme 
precision required on the lTC1052 
and (2) the thermal 
time constant of the package is 0.5 to 3 minutes, depend- 
ing on package type. The first precludes the use of auto- 
matic handling equipment and the second takes a long 
time. Bench test equipment is available to 100% test for 
warmed-up 
drift 
if offsets 
of less than 
± 5jJ-V are 
required. 


The l TC1052 has an internal clock, setting the nominal 
sampling frequency at 330Hz. On 8-pin devices there is 
no way to control the clock externally. In some applica- 
tions it may be desirable to control the sampling clock and 
this is the function of the 14-pin device. 


ClK 
IN, ClK 
OUT and INT/EXT 
are provided to ac- 
complish this. With no external connection, 
an internal 
pull-up holds INT/ EXT at the V+ supply and the 14-pin 
device self-oscillates 
at 330Hz. 
In this mode there is a 
signal on the ClK IN pin of 660Hz (2 times sampling fre- 
quency) with a 30% duty cycle. A divide-by-two 
drives 
the ClK OUT pin and sets the sampling frequency. 


Touse an external clock, connect INT/ EXTto V- 
and the 
external clock to ClK IN. The logic threshold of ClK IN is 
2.5V below the positive supply. This allows CMOS logic to 
drive it directly with logic supplies of V+ 
and ground. 
ClK IN can be driven from V+ to V- 
if desired. The duty 
cycle of the external clock is not particu larly critical but 
should be kept between 30% and 60%. 


Capacitance between ClK INand ClK OUT (pins 13 and 
12) can cause the divide-by-two 
circuit to malfunction. To 
avoid this, keep this capacitance below 5pF. 


If the lTC1052 
is driven into saturation, the nulling loop, 
attempting to force the differential 
input voltage to zero, 


will drive CEXTAand CEXTBto a supply rail. After the 
saturating drive is removed, the capacitors take a finite 
time to recover-this 
is the overload recovery time. The 
overload recovery is longest when the capacitors 
are 
driven to the negative rail (see Overload Recovery in 
typical performance section). The overload recovery time 
in this case is typically 225ms. In the opposite direction, 
Le., CEXTAand CEXTBat positive rail, it is about ten times 
faster 
(25ms). 
The 
overload 
recovery 
time 
for 
the 
l TC1052 is much faster than competitive devices, but if a 
~ 
faster overload recovery time is necessary, the output 
~ 
clamp function can be used. 


When the output clamp is connected to the negative input 
it prevents the amplifier from saturating and thus keeps 
CEXTAand CEXTBat their nominal voltages. The output 
clamp is a switch that turns on when the output gets to 
within approximately 1V of either supply rail. This switch 
is in parallel with the amplifier's 
feedback resistor and as 
the output moves closer to the rail, the switch 
on re- 
sistance decreases, reducing the closed loop gain. The 
output 
swing 
is reduced when the clamp function 
is 
used. 


How much current the output clamp leaks when off is im- 
portant 
because, 
when 
used, 
it is connected 
to the 
amplifier's 
negative input. 
Any current acts like input 
bias current and will degrade accuracy. At the other ex- 
treme, the maximum current the clamp conducts when 
on determines how much overdrive the clamp will take 
and still keep the amplifier from saturating. 
Both of these 
numbers 
are 
guaranteed 
in 
the 
table 
of 
electrical 
characteristics. 


The minimum supply voltage for proper operation of the 
lTC1052 
is typically 4.0V (± 2.0V). In single supply ap- 
plications, PSRRis guaranteed down to 4. 7V (± 2.35V). 
This assures proper operation down to the minimum TTl 
specified voltage of 4. 75V. 
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• Guaranteed Max.Offset 
• Guaranteed Max. Offset Drift 
• Typ. Offset Drift 
• Excellent Long Term Stability 
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Noise Degradation 


5p.V 
O.05p.V/oC 
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• Thermocouple Amplifiers 
• Strain Gauge Amplifiers 
• Low LevelSignal Processing 
• Medical Instrumentation 


LTC1052CS 


Chopper-Stabilized 
Operational 
Amplifier (CSOA™) 


DESCRIPTiOn 


The LTC1052 is a low noise chopper-stabilized op amp 
(CSOA)manufactured using Linear Technology's enhanced 
LTCMOS™silicon gate process. Chopper-stabilization con- 
stantly corrects offset voltage errors. Both initial offset and 
changes in the offset due to time, temperature and 
common-mode voltage are corrected. This, coupled with pi- 
coampere input currents, gives this amplifier unmatched 
performance. 


Low frequency (1/f) noise is also improved by the chopping 
technique. Instead of increasing continuously at a 3dBloc- 
~ 
tave rate, the internal chopping causes noise to decrease 
•• 
at low frequencies. 


The chopper circuitry is entirely internal and completely 
transparent to the user. Only two external capacitors are 
required to alternately sample and hold the offset correc- 
tion voltage and the amplified input signal. Control cir- 
cuitry is brought out on the 14-pin version to allow the 
sampling of the LTC1052to be synchronized with an ex- 
ternal frequency source. 


The LTC1052CSis a direct replacement for the ICL7652in 
surface mounted packages. 
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(Notes 1and 2) 


Total Supply Voltage (V+ to V-) 
18V 
Input Voltage 
(V+ + 0.3V)to (V- - 0.3V) 
Output Short Circuit Duration 
Indefinite 
Operating Temperature Range 
- 40°C to 85°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


ORDER PART 
NUMBER 


LTC1052CS 


PART MARKING 


LTC1052CS 


ELECTRICAL CHARACTERISTICS 
Vs= ± 15V,TA= operating temperature range, test circuit TC1 (Note 6),unless otherwise specified. 


LTC1052C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
TA = 25°C (Note 3) 
±O.5 
±5 
~V 
~ 
Average Input Offset Drift 
(Note 3) 
• 
±O.Ol 
±0.05 
~V/oC 


lITemp 


lIVos 
Long Term Offset Voltage Stability 
100 
nVl.[Month 


lITime 


los 
Input Offset Current 
TA = 25°C 
±5 
±30 
pA 
• 
±35O 
pA 


Is 
Input Bias Current 
TA = 25°C 
±1 
±30 
pA 
• 
±175 
pA 


enp-p 
Input Noise Voltage 
Rs= 1000, DC to 10Hz, TC3 (Note 6) 
1.5 
~Vp-p 
Rs= 1000, DC to 1Hz, TC3 (Note 6) 
0.5 
~Vp·p 


in 
Input Noise Current 
f = 10Hz (Note 5) 
0.6 
fAlVHz 


CMRR 
Common-Mode Rejection Ratio 
VCM=V- to t2.7V 
• 
120 
140 
dB 


PSRR 
Power Supply Rejection Ratio 
VSUPPLY= ±2.375Vto 
±8V 
• 
120 
150 
dB 


AvoL 
Large Signal Voltage Gain 
RL = 10k, Vour= ±4V 
• 
120 
150 
dB 


Vour 
Maximum Output Voltage Swing 
RL = 10k 
• 
±4.7 
±4.85 
V 


(Note 4) 
RL = lOOk 
±4.95 
V 


SR 
Slew Rate 
RL = 10k, CL = 50pF 
4 
V/~s 


GBW 
Gain Bandwidth Product 
1.2 
MHz 


Is 
Supply Current 
No Load, TA = 25°C 
1.7 
2.0 
mA 
• 
3.0 
mA 


fs 
Internal Sampling Frequency 
330 
Hz 


Clamp On Current 
RL = lOOk 
• 
25 
100 
~A 
Clamp Off Current 
-4V<Vour< 
t4V 
10 
100 
pA 
• 
1 
nA 


The. 
denotes specifications 
which apply over the full operating tempera- 
ture range. 


Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 


Note 2: Connecting any terminal to voltages greater than V + or less than 
V- may cause destructive latch-up. It is recommended that no sources op- 
erating from external supplies be applied prior to power-up olthe 
LTC1052. 


Nole 3: These parameters are guaranteed by design. Thermocouple effects 
preclude measurement of these voltage levels in high speed automatic 


testing. Vos is measured to a limit determined by test equipment capability. 
Voltages on CEXTA and CEXTS' AVOL' CMRR and PSRR are measured to insure 
proper operation of the nulling loop to insure meeting the Vos and Vos drift 
specifications. 


Note 4: Output clamp not connected. 


Nole 5: Current noise is calculated from the formula: in= (2QIs)II, where 
Q= 1.6 X 10-19 coulomb. 


Nole 6: For description of test circuits see LTC1052 standard package data 
sheet. 


FEATURES 


• 
Guaranteed 
Offset Voltage 
-55°Cto 
+ 125°C 
• Guaranteed 
Drift 
• 
Guaranteed 
Bias Current 
lO°C 
125°C 
• Guaranteed 
Slew Rate 


150p.V Max. 
500p.V Max. 


4p.V1°C Max. 


150pA Max. 
2.5nA Max. 
12V/p.S Min. 


• Precision, High Speed Instrumentation 
• Logarithmic Amplifiers 
• 01 A Output Amplifiers 
• Photodiode Amplifiers 
• Voltage to Frequency Converters 
• 
Frequency to Voltage Converters 
• 
Fast, Precision Sample and Hold 


LT1055/LT1056 


Precision, High Speed, 
JFET Input Operational 
Amplifiers 


DESCRIPTion 


The LT1055/1056 
JFET input operational amplifiers com- 


bine precision specifications with high speed performance. 


For the first time, 16V/p.S slew rate and 6.5MHz 
gain- 
bandwidth 
product 
are simultaneously 
achieved 
with 
offset voltage of typically 50p.V, 1. 2p.V1°C drift, bias cur- 
rents of 40pA at lO°C and 500pA at 125°C. 


The 150p.V maximum offset voltage specification 
is the 
best available on any JFET input operational amplifier. 


The LT1055 
and 
LT1056 
are differentiated 
by their 
operating currents. 
The lower power dissipation 
LT1055 
achieves lower bias and offset currents 
and offset volt- 
age. The additional power dissipation of the LT1056 per- 
mits higher slew rate, bandwidth and faster settling time 
with a slight sacrifice in DC performance. 


The voltage to frequency converter shown below is one of 
the many applications 
which 
utilize both the precision 
and high speed of the LT1055/1056. 


For a JFET input op amp with 23VIP.sguaranteed slew 
rate, refer to the LT1022 data sheet. 


......- 
= lN4148. 


·1% 
FILM. 


0.1 


THE LOW OFFSET VOLTAGE OF LTl056 
CONTRIBUTES 
ONLY 0.1 Hz OF ERROR, 


'=" 
WHILE ITS HIGH SLEW RATE PERMITS 
10kHz OPERATION. 


Distribution 
of Input Offset Voltage 
(H Package) 


Vs= 
± 15V 
50% TO ±60~N 
TA=25"C 
634 UNITS TESTEO 
FROM THREE RUNS n 


r- 


Sf.! 
~ -in 


OUTPUT 
1Hz TO 10kHz 
0.005% 
LINEARITY 


ABSOLUTE mAXimum 
RATinGS 


Supply Voltage. 
. . . . . . . . . . . . . . . . . . . . . . .. 
± 20V 
DifferentiallnputVoltage 
±40V 
Input Voltage 
± 20V 
Output Short Circuit Duration 
Indefinite 
Operating Temperature 
Range 
LT1 055AM I 1055M I 1056AM I 
1056M 
-55°Cto125°C 
LT1055AC/1055C/1056AC/1056C 
... 
O°Cto70°C 
Storage Temperature 
Range 
All Devices 
-65°Cto150°C 
Lead Temperature (Soldering, 
10sec.) 
300°C 


TOPVIEW 


N/C 


B 


ORDER 
PART NUMBER 


LT1055AMH 
LT1055MH 
LT1055ACH 
LT1055CH 


LT1056AMH 
LT1056MH 
LT1056ACH 
LT1056CH 


4 
v- 


METALCANH PACKAGE 


TOPVIEW 


BALOBN/C 
-IN 
2 
7 
V+ 


+IN 
3 
6 
OUT 
V- 
4 
5 BAL 


PLASTIC 
DIPNBPACKAGE 


LT1055CN8 
LT1056CN8 


LT1055M 11056M 
LT1055AM 11056AM 
LT1055CH/1056CH 
LT1055AC/1056AC 
LT1055CN8/1056CN8 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VDS 
Input Offset Voltage (Note 1) 
LT1055 H Package 
- 
50 
150 
- 
70 
400 
",V 
LT1056 H Package 
- 
50 
180 
- 
70 
450 
",V 
LT1055 N8 Package 
- 
- 
- 
- 
120 
700 
",V 
LT1056 N8 Package 
- 
- 
- 
- 
140 
800 
",V 


los 
Input Offset Current 
Fully Warmed Up 
- 
2 
10 
- 
2 
20 
pA 


IB 
Input Bias Current 
Fully Warmed Up 
- 
±10 
±50 
- 
±10 
±50 
pA 
VCM= +10V 
- 
+30 
+100 
- 
+30 
+150 
pA 


Input Resistance-Differential 
- 
10'2 
- 
- 
10'2 
- 
{J 


-Common-Mode 
VCM= -11V 
to +8V 
- 
1012 
- 
- 
1012 
- 
{J 


VCM=+8Vto 
+llV 
- 
10" 
- 
- 
10" 
- 
{J 


Input Capacitance 
- 
4 
- 
- 
4 
- 
pF 


en 
Input Noise Voltage 
0.1 H2 to 10 Hz 
LT1055 
- 
1.8 
- 
- 
2.0 
- 
",Vp-p 
LT1056 
- 
25 
- 
- 
2.8 
- 
",Vp-p 


en 
Input Noise Voltage Density 
10= 10Hz (Note 2) 
- 
28 
50 
- 
30 
60 
nV/v'Hz 


fo=lkHz 
(Note 3) 
- 
14 
20 
- 
15 
22 
nV/v'Hz 


In 
Input Noise Current Density 
10= 10Hz, 1kHz (Note 4) 
- 
1.8 
4 
- 
1.8 
4 
IA/v'Hz 


AVOL 
Large Signal Voltage Gain 
Vo= ±10V 
RL= 2k 
150 
400 
- 
120 
400 
- 
V/mV 
RL=lk 
130 
300 
- 
100 
300 
- 
V/mV 


Input Voltage Range 
±11 
±12 
- 
±11 
±12 
- 
V 


CMRR 
Common-Mode Rejection Ratio 
VcM=±llV 
86 
100 
- 
83 
98 
- 
dB 
PSRR 
Power Supply Rejection Ratio 
Vs= 
± 10V to ± 18V 
90 
106 
- 
88 
104 
- 
dB 


VOUT 
Output Voltage SWing 
RL= 2k 
±12 
±13.2 
- 
±12 
± 13.2 
- 
V 


SR 
Slew Rate 
LT1055 
10 
13 
- 
7.5 
12 
- 
V/",s 


LT1056 
12 
16 
- 
9.0 
14 
- 
V//lS 


GBW 
Gain Bandwidth Product 
l=lMHz 
LT1055 
- 
5.0 
- 
- 
4.5 
- 
MHz 


LT1056 
- 
6.5 
- 
- 
5.5 
- 
MHz 


Is 
Supply Current 
LT1055 
- 
2.8 
4.0 
- 
2.8 
4.0 
mA 
LT1056 
- 
5.0 
6.5 
- 
5.0 
7.0 
mil. 


Offset Voltage Adjustment Range 
RpoT= lOOk 
- 
±5 
- 
- 
±5 
- 
mV 


lT1055AC 
lT1055CH/1056CH 
lT1056AC 
lT1055CNB/1056CNB 


SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Oftset Voltage (Note 1) 
LTl055 H Package 
• 
- 
100 
330 
- 
140 
750 
p.V 
LT1056 H Package 
• 
- 
100 
360 
- 
140 
800 
p.V 
LT1055 N8 Package 
• 
- 
- 
- 
- 
250 
1250 
p.V 
LT1056 N8 Package 
• 
- 
- 
- 
- 
280 
1350 
p.V 


Average Temperature 
H Package (Note 5) 
• 
- 
1.2 
4.0 
- 
1.6 
8.0 
p.V/oC 
Coefticient of Input Oftsef 
N8 Package (Note 5) 
• 
- 
- 
- 
- 
3.0 
12.0 
p.V/oC 
Voltage 


los 
Input Oftset Current 
Warmed Up 
LT1055 
• 
- 
10 
50 
- 
16 
80 
pA 


TA=70°C 
lT1056 
• 
- 
14 
70 
- 
18 
100 
pA 


16 
Input Bias Current 
Warmed Up 
LT1055 
• 
- 
±30 
±150 
±40 
±200 
pA 
TA= 70°C 
lT1056 
• 
- 
±40 
±180 
- 
±50 
±240 
pA 


AVOL 
Large Signal Voltage Gain 
Vo=±10V,RL=2k 
• 
80 
250 
- 
60 
250 
- 
V/mV 


CMRR 
Common-Mode Rejection Ratio 
VCM= 
± 10.5V 
• 
85 
100 
- 
82 
98 
- 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ± 10V to ± 18V 
• 
89 
105 
- 
87 
103 
dB 


VOUT 
Output Voltage Swing 
RL= 2k 
• 
± 12 
± 13.1 
- 
±12 
±13.1 
- 
V 


lT1055AM 
lT1055M 
lT1056AM 
lT1056M 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Oftset Voltage (Note 1) 
LTl055 
• 
- 
180 
500 
- 
250 
1200 
p.V 


LT1056 
• 
- 
180 
550 
- 
250 
1250 
p.V 


Average Temperature 
(Note 5) 
• 
- 
1.3 
4.0 
- 
1.8 
8.0 
p.V/oC 
Coefticient of Input Oftset 
Voltage 


los 
Input Oftset Current 
Warmed Up 
l Tl055 
• 
- 
0.20 
1.2 
- 
0.25 
1.8 
nA 


TA= 125°C 
LT1056 
• 
- 
025 
1.5 
- 
030 
2.4 
nA 


16 
Input Bias Current 
Warmed Up 
LT1055 
• 
- 
±0.4 
±2.5 
- 
±0.5 
±4.0 
nA 
TA= 125°C 
LT1056 
• 
- 
±0.5 
±3.0 
- 
±0.6 
± 5.0 
nA 
AVOL 
Large Signal Voltage Gain 
Vo= ± 10V, RL=2k 
• 
40 
120 
- 
35 
120 
- 
V/mV 
CMRR 
Common-Mode Rejection Ratio 
VCM= 
± 10.5V 
• 
85 
100 
- 
82 
98 
- 
dB 
PSRR 
Power Supply Rejection Ratio 
Vs= ± 10V to ± 17V 
• 
88 
104 
- 
86 
102 
- 
dB 


VOUT 
Output Voltage Swing 
RL=2k 
• 
± 12 
± 12.9 
- 
± 12 
±12.9 
- 
V 


The. 
denotes the specifications which apply over the full operating 


temperature range. 


For Mil-STD components, please refer to lTC883 data sheet for test 
listing and parameters. 


Nots 1: Offset voltage is measured under two different conditions: 
(a) approximately 0.5 seconds after application of power; (b) at 
TA = 25°C only, with the chip heated to approximately 38°C for the 
lTl 055 and to 45°C for the l Tl 056, to account for chip temperature rise 
when the device is fUlly warmed up. 


Nots 2: 10Hz noise voltage density is sample tested on every lot of A 
grades. Devices 100% tested at 10Hz are available on request. 


Nots 3: This parameter is tested on a sample basis only. 


Nots 4: Current noise is calculated from the formula: in = (2ql 6)'h, 
where q = 1.6 x 10-19 coulomb. The noise of source resistors up to 1GO 
swamps the contribution of current noise. 


Nots 5: Offset voltage drift with temperature is practically unchanged 
when the offset voltage is trimmed to zero with a lOOk potentiometer be- 
tween the balance terminals and the wiper tied to V +. Devices tested to 
tighter drift specifications are available on request. 
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APPLICATions inFORmATion 


The LT10551 1056 may be inserted directly into LF155AI 
355A, LF156A1356A, 
OP-15 and OP-16 sockets. Offset 
nulling will be compatible with these devices with the 
wiper of the potentiometer tied to the positive supply. 


No appreciable change in offset voltage drift with temper- 
ature will occur when the device is nulled with a poten- 
tiometer, Rp, ranging from 10k to 200k. 


The LT1055 11056 can also be used in LF351 , LF411, 
AD547, AD611, OPA-111, and TL081 sockets, provided 
that the nulling 
circuitry 
is removed. 
Because of the 
LT1055/1056's 
low offset voltage, nulling will not be 
necessary in most applications. 


Achieving Picoampere/Microvolt 
Performance 


In order to realize the picoampere-microvolt 
level ac- 
curacy of the LT1055/1056 
proper care must be'exer- 
cised. For example, leakage currents in circuitry external 
to the op amp can significantly 
degrade performance. 
High quality insulation 
should be used (e.g. Teflon™, 
Kel-F); 
cleaning 
of all insulating 
surfaces 
to remove 
fluxes and other residues will probably be required. Sur- 
face coating may be necessary to provide a moisture bar- 
rier in high humidity environments. 


Board leakage can be minimized by encircling the input 
circuitry with a guard ring operated at a potential close to 
that of the inputs: in inverting configurations 
the guard 
ring should be tied to ground, in non-inverting 
connec- 
tions to the inverting input at pin 2. Guarding both sides 
of the printed 
circuit 
board is required. 
Bulk leakage 
reduction depends on the guard ring width. 
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The LT1055 11056 has the lowest offset voltage of any 
JFET input op amp available today. However, the offset 
voltage and its drift with time and temperature are still not 
as good as on the best bipolar amplifiers 
because the 
transconductance 
of FETs is considerably lower than that 
of bipolar transistors. 
Conversely, this lower transcon- 
ductance 
is the main cause of the significantly 
faster 
speed performance of FET input op amps. 


Offset voltage also changes somewhat with temperature 
cycling. The AM grades show a typical 20p.V hysteresis 
(30p.V on the M grades) when cycled over the - 55°C to 
125°C temperature range. Temperature cycling from O°C 
to 70°C 
has a negligible 
(less than 10p.V) hysteresis 
effect. 


The offset voltage and drift performance are also affected 
by packaging. 
In the plastic N8 package the molding 
compound 
is in direct contact with the chip, exerting 
pressure on the surface. While NPN input transistors are 
largely unaffected by this pressure, JFET device match- 
ing and drift are degraded. 
Consequently, for best DC 
performance, as shown in the typical performance distri- 
bution plots, the TO-5 H package is recommended. 


Noise Performance 


The current noise of the LT1055/1056 
is practically im- 
measurable at 1.8fAl.JRZ. 
At 25°C it is negligible up to 
1GO of source resistance, Rs (compared to the noise of 
Rs). Even at 125°C it is negligible to 100MO of Rs. 


APPLICATions inFORmATion 


The voltage noise spectrum is characterized 
by a low 1If 
corner in the 20Hz to 30Hz range, significantly 
lower than 
on other competitive 
JFET input op amps. Of particular 
interest is the fact that, with any JFET IC amplifier, the 
frequency location of the 1If corner is proportional to the 
square root of internal gate leakage currents and, there- 
fore, 
noise doubles 
every 20°C. 
Furthermore, 
as il- 
lustrated 
in the noise versus chip temperature 
curves, 


the 0.1 Hz to 10Hz peak-to-peak noise is a strong function 
of temperature, 
while 
wideband 
noise (fo = 1kHz) 
is 
practically unaffected by temperature. 


Consequently, for optimum 
low frequency 
noise, chip 
temperature should be minimized. For example, operating 
an LT1056 at ± 5V supplies or with a 20°C/W 
case-to- 
ambient heat sink reduces 0.1 Hz to 10Hz noise from typi- 
cally 2.5I!Vp-p (± 15V, free-air) to 1.5I!Vp-p. Similarly, the 
noise of an LT1055 will be 1.8I!Vp-p typically because of its 
lower power dissipation and chip temperature. 


High Speed Operation 


Settling time is measured in the test circuit shown. This 
test configuration 
has two features which eliminate prob- 
lems common to settling time measurements: 
(1) probe 
capacitance is isolated from the' 'false summing" 
node, 
and (2) it does not require a "flat top" 
input pulse since 


the input pulse is merely used to steer current through 
the diode bridges. For more details, please see Applica- 
tion Note 10. 


As with most high speed amplifiers, care should be taken 
with 
supply 
decoupling, 
lead dress 
and 
component 
placement. 


When the feedback around the op amp is resistive (RF), a 
pole will be created with RF, the source resistance and 
capacitance 
(Rs, 
Cs), and the amplifier 
input capaci- 


tance (CIN "'"4pF). In low closed loop gain configurations 
and with Rs and RF in the kilohm range, this pole can 
create excess phase shift and even oscillation. 
A small 
capacitor (CF) in parallel with RFeliminates this problem. 
With Rs(Cs +CIN) = RFCF, the effect of the feedback 
pole is completely removed. 
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SOil 
PULSE GEN 
2W 
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(5V MIN STEP) 
TO.01 DISC 
OUTPUT 
TO 
SCOPE 


HP5082·2810 
HEWLm 
PACKARD 


Phase Reversal 
Protection 


Most 
industry 
standard 
JFET input 
op amps 
(e.g., 


LF155/156, 
LF351 , LF411, OP15/16) 
exhibit 
phase 
reversal at the output when the negative common-mode 
limit at the input is exceeded (Le., from -12V 
to -15V 
with ± 15V supplies). 
This can cause lock-up in servo 
systems. As shown below, the LT1055/1056 
does not 
have this problem due to unique phase reversal protec- 
tion circuitry (01 on simplified schematic). 


Voltage Follower with Input Exceeding 
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TYPICAL APPLICATIONS 
t 


Exponential 
Voltage-to-Frequency 
Converter for Music Synthesizers 


INPUT 
OV-l0V 


EXPONENT 
l'.3k' 


TRIM 


2500' 
-= 
2N3904 


5000' 


3.57k' 
ZERO 
SAWTOOTH 


TRIM 
OUTPUT 


4.7k 
Uk 


1k' 


5620' 
-= 
+15V 


LM329 


-= 


10k' 
10k' 
4.7k 
+15V 


---, 


7 
I 


3311 
I 


SCALE FACTOR 
-15V 
-= 
I 
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I 
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PIN NUMBEREDTRANSISTORS~CA3096 
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t For ten additional applications utilizing the LT1055 and 
LT1056, please see the LTC1043 data sheet and Applica· 
tion Note 3. 
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OKHz-lkHz= 
O'C-l00'C 


4.7k 


"1% 
FILM 
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= 1N4148 
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FREO STABILITY 
= lSOppm/"C 


SEnLING 
TIME= 
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DISTORTION 
=0.25% 
AT 100kHz, 
0.07% AT 10kHz 
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C,=15pFTO 
33pF 
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-15V 


SETILING 
TIME 
TO 2mV 
(0.8 
LSB) = 1.5"' 
TO 2", 


PACKAGE DESCRIPTion 
Dimensions 
in inches (millimeters) 
unless otherwise noted. 


H Package 
Metal 
Can 
N8 Package 
8 Lead Plastic 


0.165-0.185 
(4.191-4.699) 


t 
REFERENCE 
i 
PLANE 
0.500-0.750 
(12.70-19051 
t 
t 


°.400:l 
(l~~l0 


,65r 
0.250:1::0.005 


~O.12'1 


1 
2 
3 
4 


I 


0.325 ~ ~:~~~ 


8255 +0.635)-1 
. 
-0.381 
I 


• 
Guaranteed Offset Voltage 
O°C to lO°C 


• 
Low Drift 
• 
Guaranteed 
Bias Current 
lO°C Warmed Up 
• 
Guaranteed Slew Rate 


1.5mV Max. 
2.2mV Max. 


4/LV/OCTyp. 


400pA Max. 


9V//Ls Min. 


• 
Precision, High Speed Instrumentation 
• 
Logarithmic 
Amplifiers 


• 
D/A Output Amplifiers 
• 
Photodiode 
Amplifiers 
• 
Voltage to Frequency Converters 
• 
Frequency to Voltage Converters 
• 
Fast, Precision Sample and Hold 


LTl055S8/LTl 056S8 


Precision, High Speed, 
JFETInput Operational 
Amplifiers 


The LT1055/LT1056 JFET input operational 
amplifiers 
com· 
bine precision specifications 
with high speed performance. 


For the first time in an SO package, 
14V//Ls slew rate and 
5.5MHz 
gain-bandwidth 
product 
are 
simultaneously 
achieved 
with 
offset 
voltage 
of typically 
O.5mV, 4/LV/oC 
drift, and bias currents of 60pA at lO°C. 


The 1.5mV maximum 
offset 
voltage 
specification 
is the 
•• 
best available 
on any JFET input operational 
amplifier 
in 
•••• 
the plastic SO package. 


The LT1055 and LT1056 are differentiated 
by their operat- 
ing currents. The lower power dissipation 
LT1055 achieves 
lower 
bias and offset 
currents 
and offset 
voltage. 
The 
additional 
power dissipation 
of the LT1056 permits higher 
slew rate, bandwidth 
and faster settling 
time with a slight 
sacrifice 
in DC performance. 


The voltage to frequency 
converter shown below is one of 
the many applications 
which utilize both the precision 
and 
high speed of the LT1055/LT1056. 


-..- 
~IN414B 
.,% FILM. 


0.1 


THE LOW OFFSET VOLTAGE OF LTl056 
CONTRIBUTES 
ONLY O.IHz 
OF ERROR, 


WHILE 
ITS HIGH SLEW RATE PERMITS 
10kHz 
OPERATION. 
":" 


Supply Voltage 
± 20V 
Differential Input Voltage 
±40V 
Input Voltage 
±20V 
Output Short Circuit Duration 
Indefinite 
Operating Temperature Range 
O°Cto lO°C 
Storage Temperature Range 
All Devices 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


ORDER PART NUMBER 
TOPVIEW 


LT1055S8 
~1E3"" 


LT1056S8 


-IN 
2 
7 v+ 


+ IN 3 
6 OUT 


v- 
4 
5 BAL 


PART MARKING 


S8PACKAGE 
PLASTICso 
1055 
1056 


LT1055S8 
LT1056S8 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage (Note 1) 
500 
1500 
pV 


los 
Input Offset Current 
Fully Warmed Up 
5 
30 
pA 


IB 
Input Bias Current 
Fully Warmed Up 
±3O 
±100 
pA 
VCM= t10V 
30 
150 
pA 


Input Resistance 
-Differential 
0.4 
TO 
-Common-Mode 
VCM= -11Vto 
t8V 
0.4 
TO 
VCM= t8Vto 
t11V 
0.05 
TO 


Input Capacitance 
4 
pF 


en 
Input Noise Voltage 
0.1Hzto 10Hz 
LT1055 
2.5 
pVp-p 
LT1056 
3.5 
pVp·p 


en 
Input Noise Voltage Density 
fo = 10Hz (Note 2) 
35 
70 
nV/..fHz 


fo = 1kHz (Note 2) 
15 
22 
nV/..fHz 


in 
Input Noise Current Density 
fo= 10Hz, 1kHz(Note 3) 
2.5 
10 
fAJ..fHz 


AVOL 
Large Signal Voltage Gain 
Vo= ± 10V 
RL= 2k 
120 
400 
V/mV 
RL=1k 
100 
300 
V/mV 


Input Voltage Range 
±11 
+12 
V 


CMRR 
Common·Mode Rejection Ratio 
VcM=±11V 
83 
98 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±10Vto 
±18V 
88 
104 
dB 


VOUT 
Output Voltage SWing 
RL= 2k 
+12 
+13.2 
V 


SR 
Slew Rate 
LT1055 
7.5 
12 
Vips 
LT1056 
9.0 
14 
Vips 


GBW 
Gain-Bandwidth 
Product 
f=1MHz 
LT1055 
4.5 
MHz 


LT1056 
5.5 
MHz 


Is 
Supply Current 
LT1055 
2.8 
4.0 
mA 
LT1056 
5.0 
7.0 
mA 


Offset Voltage Adjustment 
Range 
RPOT=100k 
±5 
mV 


LT105558/1 05658 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage (Note 1) 
• 
800 
2200 
pV 


Average Temperature 
• 
4 
15 
pVloC 
Coefficient of Input Offset 
Voltage 


los 
Input Offset Current 
Warmed Up 
• 
18 
150 
pA 
TA=70oC 


IB 
Input Bias Current 
Warmed Up 
• 
±60 
±4oo 
pA 
TA= 70°C 


AVOL 
large Signal Voltage Gain 
Vo= ±10V,RL=2k 
• 
60 
250 
VlmV 


CMRR 
Common-Mode Rejection Ratio 
VCM= ± 10.5V 
• 
82 
98 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±10Vto 
±18V 
• 
87 
103 
dB 


Your 
Output Voltage Swing 
RL=2k 
• 
±12 
±13.1 
V 


The. 
denotes the specifications which apply over the full operating 
temperature range. 


Note 1: Offset voltage is measured under two different conditions: 
(a)approximately 0.5seconds after application of power; (b)at TA = 25°C 
only, with the chip heated to approximately 38°C for the lT1055 and to 45°C 
for the lT1056, to account for chip temperature rise when the device is fully 
warmed up. 


Note 2: This parameter is tested on a sample basis only. 


Note 3: Current noise is calculated from the formula: in= (2qIB)V"where 
q = 1.6x 10-19 coulomb. The noise of source resistors up to lGOswamps the 
contribution of current noise. 


Note 4: Offset voltage drift with temperature is practically unchanged when 
the offset voltage voltage is trimmed to zero with a lOOkpotentiometer be- 
tween the balance terminals and the wiper tied to V+ 


• 
14V//ls Slew Rate 
• 5MHz Gain-Bandwidth 
Product 
• 
Fast Settling Time 
• 150/lV Offset Voltage (LT1057) 
• 180/lV Offset Voltage (LT1058) 
• 2/lV/oC Vas Drift 
• 50pA Bias Current at 70°C 
• Low Voltage Noise 


1.3/ls to 0.02% 


450/lV Max. 
600/lV Max. 
7/lV/oC Max. 


13nV/.JHz @ 1kHz 
26nV/.JHz @ 10Hz 


• 
Precision, High Speed Instrumentation 
• Fast, Precision Sample and Hold 
• Logarithmic 
Amplifiers 


• 
D/A Output Amplifiers 
• 
Photodiode Amplifiers 
• Voltage to Frequency Converters 
• Frequency to Voltage Converters 


LT1057/LT1058 


Dual and Quad, JFETInput 
Precision High Speed Op Amps 


The LT1057 is a matched JFET input dual op amp in the 
industry 
standard 
8 pin configuration, 
featuring 
a com- 
bination 
of outstanding 
high speed and precision 
speci- 


fications. 
It replaces 
all the popular 
bipolar 
and JFET 
input dual op amps. In particular, 
the LT1057 upgrades the 
performance 
of systems 
using the LF412A and OP-215 
JFET input duals. 


The m058 
is the lowest offset 
quad JFET input opera· 
tional amplifier 
in the standard 14 pin configuration. 
It of· 
• 
fers 
significant 
accuracy 
improvement 
over 
presently 
available JFET input quad operational 
amplifiers. 
It can re- 
place four single precision JFET input op amps, while sav- 
ing board space, power dissipation 
and cost. 


Both the LT1057 and m058 
are available 
in all standard 
packages: 
plastic 
and hermetic 
DIP and (LT1057 only) 


metal can. 


Current Output, High Speed, High Input Impedance 
Instrumentation 
Amplifier 
Distribution 
of Offset Voltage 
(All Packages, LT1057 and LT1058) 


25 


IOUT=2(V1-V2) 
20 


7.5k 
Rx 


15 


lOUT 
10 


-GAIN ADJUST 
--COMMON-MODE 
REJECTION ADJUST 
BANDWIDTH 
= 2M Hz 


Vs= 
±15V 
LTl057: 
610 OP AMPS 
TA=25·C 
LT1o5B: 520 OP AM PS 
r-. 
i1300P 
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r L 


TESTED 
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r 
~ 
- 
,.r- 
-,..•....... 


o 
-1.0 
-0.6 
-0.2 
0 
0.2 
0.6 
1.0 


INPUT OFFSET VOLTAGE (mV) 


Supply Voltage 
± 20V 
Differential 
Input Voltage 
± 40V 
Input Voltage 
± 20V 
Output 
Short Circuit 
Duration 
Indefinite 
Operating 
Temperature 
Range 
LT1057 AM/LT1 057MI 
LT1058AM/LT1058M 
- 55°C to 125°C 
LT1057AC/LT1057CI 
LT1058AC/LT1058C 
O°C to 70°C 
Storage Temperature 
Range 
All Devices 
- 65°C to 150°C 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


• 
v- (CASE) 


METAL 
CAN H PACKAGE 


ORDER PART NO. 


LT1057AMH 
LT1057MH 
LT1057ACH 
LT1057CH 


LT1057AMJ8 
LT1057MJ8 
LT1057ACJ8 
LT1057CJ8 
LT1057ACN8 
LT1057CN8 


LT1058AMJ 
LT1058MJ 
LT1058ACJ 
LT1058CJ 
LT1058ACN 
LT1058CN 


LT1057AM/LT1058AM 
LT1057M/LT1058M 
LT1057AC/LT1058AC 
LT1057C/LT10saC 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
LT1057 
150 
450 
200 
800 
pV 
LT10sa 
180 
600 
250 
1000 
pV 


los 
Input Offset Current 
Fully Warmed Up 
3 
40 
4 
50 
pA 


Ib 
Input Bias Current 
Fully Warmed Up 
±5 
±50 
±7 
±75 
pA 


Input Resistance-Differential 
1012 
1012 
{l 


-Common-Mode 
VCM= -11Vt08V 
1012 
1012 
{l 


VCM=8Vtol1V 
1011 
1011 
{l 


Input Capacitance 
4 
4 
pF 


en 
Input Noise Voltage 
O.lHz to 10Hz 
LT1057 
2.0 
2.1 
pVp-p 


LT10sa 
2.4 
2.5 
pVp-p 


en 
Input Noise Voltage Density 
fa = 10Hz 
26 
28 
nV/VHz 
10= 1kHz (Note 2) 
13 
22 
14 
24 
nV/VHz 


in 
Input Noise Current Density 
fo= 10Hz, lkHz(Note 
3) 
1.5 
4 
1.8 
6 
IAlVHz 


AVOL 
Large Signal Voltage Gain 
Vo= ± 10V, RL =2k 
150 
350 
100 
300 
V/mV 
Vo= ± 10V, RL = lk 
120 
250 
80 
220 
V/mV 


Input Voltage Range 
±10.5 
14.3 
±10.5 
14.3 
V 
-11.5 
-11.5 


CMRR 
Common-Mode Rejection Ratio 
LT1057 
86 
100 
82 
98 
dB 
LT10sa 
84 
98 
80 
96 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±10Vto 
±18V 
88 
103 
86 
102 
dB 


Your 
Output Voltage Swing 
RL = 2k 
±12 
±13 
±12 
±13 
V 


LT1057AM/LT1058AM 
LT1057M/LT1058M 
LT1057AC/LT1058AC 
LT1057C/LT1058C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


SR 
Slew Rate 
10 
14 
8 
13 
VI~s 


GBW 
Gain-Bandwidth 
Product 
f = 1MHz (Note 5) 
3.5 
5 
3 
5 
MHz 


Is 
Supply Current Per Amplifier 
1.6 
2.5 
1.1 
2.8 
mA 


Channel Separation 
DC to 5kHz, V1N = ± 10V 
132 
130 
dB 


LT1057AC 
LT1057C 
LT1058AC 
LT1058C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
LT1057 
• 
250 
800 
330 
1400 
~V 
LT1058 
• 
300 
1200 
400 
1800 
~V 


Average Temperature 
LT1057 H/J8 Package 
• 
1.8 
7 
2.3 
12 
~V/oC 
Coefficient of Input 
N8 Package 
• 
3 
10 
4 
16 
~V/oC 
Offset Voltage 
LT1058J Package (Note 4) • 
2.5 
10 
3 
15 
~V/oC 
N Package (Note 4) • 
4 
15 
5 
22 
~V/oC 


los 
Input Offset Current 
Warmed Up, TA = 70°C 
18 
150 
20 
250 
pA 


Ib 
Input Bias Current 
Warmed Up, TA = 70°C 
±50 
±250 
±60 
±350 
pA 


AvoL 
Large Signal Voltage Gain 
Vo= ±10V,RL=2k 
• 
70 
220 
50 
200 
V/mV 


CMRR 
Common·Mode Rejection Ratio 
VCM= ± 10.4V 
• 
85 
98 
80 
96 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±10Vto 
±18V 
• 
87 
102 
84 
100 
dB 


VOLn 
Output Voltage Swing 
RL = 2k 
• 
±12 
±12.8 
±12 
±12.8 
V 


Is 
Supply Current Per Amplifier 
• 
2.8 
3.2 
mA 
TA = 70°C 
1.4 
1.5 
mA 


LT1057AM 
LT1057M 
LT1058AM 
LT1058M 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
LT1057 
• 
300 
1100 
400 
2000 
~V 
LT1058 
• 
380 
1600 
550 
2500 
~V 


Average Temperature Coefficient 
LT1057 
• 
2.0 
7 
2.5 
12 
~V/oC 
of Input Offset Voltage 
LT1058(Note 4) 
• 
2.5 
10 
3 
15 
~V/oC 


los 
Input Offset Current 
Warmed Up, TA = 125°C 
0.15 
2 
0.2 
3 
nA 


Ib 
Input Bias Current 
Warmed Up, TA = 125°C 
±0.6 
±4.5 
±0.7 
±6 
nA 


AVOL 
Large Signal Voltage Gain 
Vo= ± 10V, RL = 2k 
• 
40 
120 
30 
110 
V/mV 


CMRR 
Common·Mode Rejection Ratio 
VCM = ± 10.4V 
• 
84 
97 
80 
95 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±10Vto 
±17V 
• 
86 
100 
83 
98 
dB 


Your 
Output Voltage Swing 
RL = 2k 
• 
±12 
±12.7 
±12 
±12.6 
V 


Is 
Supply Current Per Amplifier 
TA = 125°C 
1.25 
1.9 
1.3 
2.2 
mA 


The. 
denotes the specifications 
which apply over the full operating tem- 
perature range. 


Note 1:Typical parameters are defined as the 60% yield of distributions 
of 
individual amplifiers; I.e., out of 100 LT1058s or (100 LT1057s),typically 
240 op amps (or 120 for the LT1057jwili be better than the indicated 
specification. 


Note 2: This parameter is tested on a sample basis only. 


Note 3: Current noise is calculated from the formula: 


in = (2qlb)1I2 


where q = 1.6x 1O-19coulomb. 
The noise of source resistors up to lGO 


swamps the contribution 
of current noise. 


Note 4: This parameter is not 100% tested. 


Note 5: Gain-bandwidth 
product is not tested. It is guaranteed by design 
and by inference from the siew rate measurement. 
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The LT1057may be inserted directly into LF353, LF412, 
LF442, TL072, TL082 and OP·215 sockets. The LT1058 
plugs into LF347,LF444,TL074,TL084sockets. Of course, 
all standard dual and quad bipolar op amps can also be reo 
placed bythese devices. 


High Speed Operation 


When the feedback around the op amp is resistive (RF), a 
pole will be created with RF, the source resistance and 
capacitance (Rs, Cs),and the amplifier input capacitance 
(CIN •• 4pF). In low closed loop gain configurations and 
with Rsand RF in the kilohm range,this pole can create ex· 
cess phase shift and even oscillation. A small capacitor 


(CF) in parallel with 
RF eliminates this problem. With 


Rs(Cs + CIN) = RFCF, the effect of the feedback pole is 
completely removed. 


APPLICATions InFoRmATion 


Settling 
time 
is measured 
in a test 
circuit 
which 
can 
be found in the LT1055/LT1056 data sheet and in Applica· 
tion Note 10. 


Achieving Picoampere/Microvolt Performance 


In order to realize the picoampere/microvolt 
level accuracy 
of the LT1057/LT1058, proper care must be exercised. 
For 
example, 
leakage currents 
in circuitry 
external 
to the op 
amp can significantly 
degrade performance. 
High quality 
insulation 
should be used (e.g., Teflon TM, Kel-F); cleaning 
of all insulating 
surfaces 
to remove fluxes 
and other 
residues will probably be required. Surface coating may be 
necessary to provide a moisture 
barrier in high humidity 
envi ronments. 


Board leakage can be minimized 
by encircling 
the input 
circuitry 
with a guard ring operated at a potential 
close to 
that of the inputs; 
in inverting 
configurations 
the guard 
ring should be tied to ground, in non-inverting 
connections 
to the inverting 
input. Guarding both sides of the printed 
circuit 
board is required. Bulk leakage reduction 
depends 
on the guard ring width. 


The LT1057/LT1058 have the lowest offset voltage of any 
dual 
and quad 
JFET 
input 
op amps 
available 
today. 


However, the offset 
voltage 
and its drift with time and 
temperature 
are still not as good as on the best bipolar 
amplifiers 
because the transconductance 
of FETs is con- 


siderably lower than that of bipolar transistors. 
Converse· 
Iy, this lower transconductance 
is the main cause of the 
significantly 
faster speed performance 
of FET input op 
amps. 


Offset voltage also changes somewhat 
with temperature 
cycling. 
The AM grades show a typical 
40jLV hysteresis 
(50jLV on the M grades) when cycled over the - 55°C to 
125°C temperature 
range. Temperature 
cycling 
from O°C 
to 70°C has a negligible (less than 20jLV)hysteresis effect. 


The offset voltage and drift performance 
are also affected 
by packaging. 
In the plastic 
N package the molding com· 
pound is in direct contact with the chip, exerting pressure 
on the surface. While 
NPN input transistors 
are largely 
unaffected 
by this pressure, JFET device drift is degraded. 
Consequently, 
for best drift performance, 
as shown in the 
typical 
performance 
distribution 
plots, the J or H pack· 
ages are recommended. 


In applications 
where speed and picoampere bias currents 
are not necessary, Linear Technology 
offers the bipolar in· 


put, pin compatible 
LT1013 and LT1014 dual and quad op 
amps. These devices have significantly 
better DC speci· 
fications 
than any JFET input device. 


Phase Reversal Protection 


Most industry standard JFET input single, dual and quad 
op amps (e.g., LF156, LF351, LF353, LF411, LF412, OP·15, 
OP-16, OP·215, TL084) exhibit phase reversal at the output 
when the negative common-mode 
limit at the input is ex· 
ceeded (I.e., below -12V 
with ± 15V supplies). The photos 
show a ± 16V sine wave input (A), the response 
of an 
LF412A in the unity gain follower 
mode (B), and the re- 


sponse of the LT1057/LT1058 (C). 


The phase reversal of photo (B) can cause lock-up in servo 
systems. 
The LT1057/LT1058 does not phase·reverse 
due 
to a unique phase reversal protection 
circuit. 


Ell 


(B) LF412A Output 


All Photos SVlDiv Vertical 
Scale, SOlLs/Div Horizontal 
Scale 
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RESPIlNSE DATA 


DIODE CURRENT 


3SOpA 


35pA 
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35nA 
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CIRCUIT OUTPUT 


10.0V 


7.85V 


5.70V 


3.55V 
1.40V 


-0.75V 


Dimensions in inches (millimeters) 
unless otherwise 
noted. 
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• 13V//lsSlew Rate 
• 5MHz Gain·Bandwidth Product 
• Fast Settling Time 
• 300/lVOffset Voltage (LT1057) 
• 5/lV/oCVas Drift 
• 60pA Bias Current at 70°C 
• Low Voltage Noise 


8V//ls Min. 


1.3/lsto 0.02% 


13nV/.JHz@ 1kHz 
26nV/.JHz @ 10Hz 


• Precision, High Speed Instrumentation 
• Fast, Precision Sample and Hold 
• Logarithmic Amplifiers 
• D/AOutput Amplifiers 
• Photodiode Amplifiers 
• Voltage to Frequency Converters 
• Frequency to Voltage Converters 


LT1057S/LT10571S 


Dual JFETInput Precision 
High Speed Op Amp 


The LT1057is a matched JFET input dual op amp in the 
industry standard 8 pin configuration, 
featuring a com· 


bination of outstanding high speed and precision speci· 
fications. 
It replaces all the popular bipolar and JFET 
input dual op amps. In particular, the LT1057upgrades the 
performance of systems using the LF412A and OP·215 
JFET input duals. 


For the first time, precision dual JFET op amps are avail· 
able in a surface mounted package. For extended operat· 
ing temperatures (-400C~TA~85°C), 
the LT10571Sis 
offered. 


'GAIN 
ADJUST 
"COMMON·MODE 
REJECTION ADJUST 
BANDWIDTH 
~ 2MHz 


Supply Voltage 
± 20V 
Differential 
Input Voltage 
± 40V 
Input Voltage 
± 20V 
Output Short Circuit 
Duration 
Indefinite 
Operating 
Temperature 
Range 
LT1057S 
O°C to 70°C 
LT1057IS 
- 40°C to 85°C 
Storage Temperature 
Range 
All Devices 
-65°Cto 
150°C 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


ORDER PART 
NUMBER 


LT1057S 
LT10571S 


LT1057S 
LT10571S 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
0.3 
2 
mV 


los 
Input Offset Current 
Fully Warmed Up 
5 
50 
pA 


18 
Input Bias Current 
Fully Warmed Up 
±10 
±100 
pA 


Input Resistance -Differential 
0.4 
TO 


-Common· 
Mode 
VCM= -11Vto 
t8V 
0.4 
TO 
VCM= t8Vto 
t11V 
0.05 
TO 


Input Capacitance 
4 
pF 


en 
Input Noise Voltage 
0.1Hz to 10Hz 
2.1 
~Vp·p 


en 
Input Noise Voltage Density 
fo = 10Hz 
26 
nV/v'Hz 
fo= 1kHz 
13 
nV/v'Hz 


in 
Input Noise Current Density 
fo= 10Hz, 1kHz 
1.8 
fAlv'Hz 


AVOl 
Large Signal Voltage Gain 
Vo= ±10V 
Rl = 2k 
100 
300 
V/mV 


Rl=1k 
50 
220 
V/mV 


Input Voltage Range 
±10.5 
14.3 
V 


-11.5 
V 


CMRR 
Common·Mode Rejection Ratio 
VCM = ± 10.5V 
82 
98 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±10Vto 
±18V 
86 
102 
dB 


Your 
Output Voltage Swing 
Rl=2k 
± 12 
±13 
V 


SR 
Slew Rate 
8 
13 
Vf~s 


GBW 
Gain·Bandwidth Product 
f= 1MHz(Note 1) 
3 
5 
MHz 


Is 
Supply Current PerAmplifier 
1.7 
2.8 
mA 


Channel Separation 
DCto 5kHz, V1N = ± 10V 
130 
dB 


ELECTRICAL CHARACTERISTICS 
Vs= ± 15V, VCM=OV, O°C~TA~700C(LT1057S)or 
-400C~TA~85°C(LT1057IS), 
unless otherwise noted. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
0.5 
2.5 
mV 


Average Temperature 
• 
5 
~V/oC 
Coefficient 
of Input 
Offset Voltage 


105 
Input Offset Current 
Warmed Up, TA=70°C(LT1057S) 
20 
250 
pA 
Warmed Up, TA = 85°C (LT1057IS) 
35 
400 
pA 


' 
B 
Input Bias Current 
Warmed Up, TA = 70°C (LT1057S) 
±60 
±4oo 
pA 
Warmed Up, TA = 85°C (LT1057IS) 
±100 
±700 
pA 


AVOl 
Large Signal Voltage Gain 
Vo= ±10V,Rl=2k 
• 
50 
200 
V/mV 


CMRR 
Common-Mode Rejection Ratio 
VCM= 
±10.5V 
• 
60 
96 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±10Vto 
±18V 
• 
84 
100 
dB 


Your 
Output Voltage Swing 
Rl =2k 
• 
±12 
±12.8 
V 


The' 
denotes the specifications 
which apply over the full operating tem· 


perature range. 


Note1: 
Gain bandwidth product is not tested. It is guaranteed by design 
and by inference from the slew rate measurement. 


• 50/LAMax Supply Current per Amplifier 
• 70/LVMax Offset Voltage 
• 250pA Max Offset Current 
• 0.6/LVp,p 0.1Hz to 10Hz Voltage Noise 
• 3pAp·p 0.1Hz to 10Hz Current Noise 
• 0.4/LV/oCOffset Voltage Drift 
• 200kHz Gain·Bandwidth·Product 
• 0.07V//LsSlew Rate 
• Single Supply Operation 
Input Voltage Range Includes Ground 
Output Swings to Ground while Sinking Current 
No Pull Down Resistors are Needed 
• Output Sources and Sinks 5mA Load Current 


• 
Battery or Solar Powered Systems 
Portable Instrumentation 
Remote Sensor Amplifier 
Satellite Circuitry 
• 
Micropower 
Sample and Hold 
• Thermocouple 
Amplifier 
• Micropower 
Filters 


LT1078/LT1079 


Micropower, Dual and Quad, 
Single Suppl'{, Precision Op Amps 


The LT1078 is a micropower 
dual op amp in the standard 
8·pin configuration; 
the LT1079 is a micropower 
quad op 
amp offered in the standard 14·pin packages. Both devices 
are optimized 
for single 
supply 
operation 
at 5V. ± 15V 
specifications 
are also provided. 


Micropower 
performance 
of 
competing 
devices 
is 
achieved at the expense of seriously 
degrading 
precision, 


noise, speed, and output 
drive specifications. 
The design 
effort 
of the LT1078/1079 was concentrated 
on reducing 
supply current 
without 
sacrificing 
other parameters. 
The 
~ 
offset voltage achieved is the lowest on any dual or quad 
••• 
non·chopper 
stabilized 
op amp-m'icropower 
or other· 
wise. Offset current, voltage and current noise, slew rate 
and gain·bandwidth·product 
are all two to ten times better 
than on previous micropower 
op amps. 


The 1/f corner of the voltage noise spectrum 
is at O.7Hz, at 
least three times 
lower than on any monolithic 
op amp. 
This results 
in low frequency 
(0.1Hz to 10Hz) noise per· 
formance 
which can only be found on devices with an or· 
der of magnitude 
higher supply current. 


Both the LT1078 and LT1079 can be operated from a single 
supply (as low as one lithium cell or two Ni·cad batteries). 
The input range goes below ground. The all·NPN output 
stage swings 
to within 
a few millivolts 
of ground 
while 
sinking current-no 
power consuming 
pull down resistors 
are needed. 


Single Battery, Micropower, Gain = 100, 
Instrumentation 
Amplifier 


TYPICAL 
PERFORMANCE 


INPUT 
OFFSET 
VOLTAGE =.•O~V 
INPUT 
OFFSET 
CURRENT 
=O.2nA 
TOTAL POWER 
DISSIPATION 
=240IlW 
COMMON-MODE 
REJECTION = 11(1(16(AMPlifIER 
LIMITED) 


GAIN BANDWIQTH PRODUCT =200kHz 


Distribution 
of Input Offset Voltage 
(LT1078 and LT1079 in All Packages) 


r- L. 
Vs=5V. 
all 
- 


TA=25°C 
1 
I 
L 


-, 
U 
L 
OUTPUT NOISE =85~Vp-p 
O.lHz TO 10Hz 
= 3OO,.VRMS OVER FULL 
BANDWIDTH 
INPUT RANGE = O.03V TO j .811 


OUTPUT 
RANGE=O.03V 
TO 2.311 (O.3mV 
SV1N+ 
-V\N_ 
:s23mV) 


OUTPUTS 
SINK CURRENT-NO 
PUll 
OOWN RESISTORS ARE NEEDED 


o 
-120 
-80 
-40 
0 
40 
80 
120 


INPUT 
OFFSET 
VOLTAGE UtV) 


Supply Voltage 
± 22V 
Differential 
Input Voltage 
± 30V 
Input Voltage 
Equal to Positive Supply Voltage 
........ 
5V Below Negative 
Supply Voltage 
Output 
Short Circuit 
Duration 
Indefinite 
Operating 
Temperature 
Range 
LT1078AM/LT1078MI 
LT1079AM/LT1079M 
- 55°C to 125°C 
LT1078AC/LT1078CI 
LT1079AC/LT1079C 
O°C to 70°C 
Storage Temperature 
Range 
All Grades 
- 65°C to 150°C 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


PACKAGE/ORDER InFORmATiOn 


ORDER PART 
NUMBER 


LT1078AMH 
LT1078MH 
LT1078ACH 
LT1078CH 


LT1078AMJ8 
LT1078MJ8 
LT1078ACJ8 
LT1078CJ8 
LT1078ACN8 
LT1078CN8 


4 


V-ICASE) 


H PACKAGE 
8 LEAD T(}S 
METAL CAN 


LT1079AMJ 
LT1079MJ 
LT1079ACJ 
LT1079CJ 
LT1079ACN 
LT1079CN 


ELECTRICAL CHARACTERISTICS Vs=5V,OV, VCM=O.1V, Vo=1.4V, TA= 25°C, unless noled. 


LT1078AM/AC 
LT1078M/C 
LT1079AM/AC 
LT1079M/C 
SYMBOL 
PARAMETER 
CONDITIONS (NOTE 1) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
LT1078 
30 
70 
40 
120 
~V 
LT1079 
35 
100 
40 
150 
~V 


avos 
Long Term Input Offset 
0.4 
0.5 
~V/Mo 


aTime 
Voltage Stability 


los 
Input Offset Current 
0.05 
0.25 
0.05 
0.35 
nA 
IB 
Input Bias Current 
6 
8 
6 
10 
nA 


en 
Input Noise Voltage 
0.1Hz to 10Hz(Note 2) 
0.6 
1.2 
0.6 
~Vp·p 


Input Noise Voltage Density 
10= 10Hz (Note 2) 
29 
45 
29 
nV/.JHz 
10= 1000Hz (Note 2) 
28 
37 
28 
nV/.JHz 


in 
Input Noise Current 
0.1Hz to 10Hz(Note 2) 
2.3 
4.0 
2.3 
pAp-p 


Input Noise Current Density 
10= 10Hz (Note 2) 
0.06 
0.10 
0.06 
pA/.JHz 


to= 1000Hz 
002 
0.02 
pAJ.JHz 


Input Resistance 
(Note 3) 


Differential Mode 
400 
800 
300 
800 
MO 
Common-Mode 
6 
6 
GO 


Input Voltage Range 
3.5 
3.8 
3.5 
3.8 
V 
0 
-0.3 
0 
-0.3 
V 


CMRR 
Common·Mode Rejection 
VCM = OVto 3.5V 
97 
110 
94 
108 
dB 
Ratio 


PSRR 
Power Supply Rejection 
Vs= 2.3V to 12V 
102 
114 
100 
114 
dB 
Ratio 


AVOl 
Large Signal Voltage Gain 
Va = 0.03V to 4V, No Load 
200 
1000 
150 
1000 
VlmV 
Vo = 0.03V to 3.5V,Rl = 50k 
150 
600 
120 
600 
VlmV 


LT1078AMIAC 
LT1078MIC 
LT1079AMIAC 
LT1079MIC 


SYMBOL 
PARAMETER 
CONDITIONS (NOTE 1) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Maximum Output Voltage 
Output Low, No Load 
3.5 
6 
3.5 
6 
mV 
Swing 
Output Low, 2k to GND 
0.55 
1.0 
0.55 
1.0 
mV 
Output Low, ISINK = 100~A 
95 
130 
95 
130 
mV 
Output High, No Load 
4.2 
4.4 
4.2 
4.4 
V 
Output High, 2k to GND 
3.5 
3.9 
3.5 
3.9 
V 


SR 
Slew Rate 
Ay= + 1, Vs= + 2.5V 
0.04 
0.07 
0.04 
0.07 
V/~s 


GBW 
Gain Bandwidth Product 
fo:520kHz 
200 
200 
kHz 


Is 
Supply Current per Amplifier 
38 
50 
39 
55 
~A 


Channel Separation 
dV1N =3V, RL= 10k 
130 
130 
dB 


Minimum Supply Voltage 
(Note 4) 
2.2 
2.3 
2.2 
2.3 
V 


LT1078AMll079AM 
LT1078M/l079M 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vas 
Input Offset Voltage 
LT1078 
• 
65 
250 
85 
370 
~V 
LT1079 
• 
80 
280 
100 
400 
~V 


dVos/dT 
Input Offset Voltage Drift 
(Note 5) 
• 
0.4 
1.8 
0.5 
2.5 
~V/oC 


los 
Input Offset Current 
• 
0.07 
0.50 
0.07 
0.70 
nA 


Is 
Input Bias Current 
• 
7 
10 
7 
12 
nA 


CMRR 
Common·Mode Rejection 
VCM = 0.05V to 3.2V 
• 
92 
106 
88 
104 
dB 


Ratio 


PSRR 
Power Supply Rejection 
Vs=3.1Vt012V 
• 
98 
110 
94 
110 
dB 
Ratio 


AYOL 
Large Signal Voltage Gain 
Vo= 0.05V to 4V, No Load 
• 
110 
600 
80 
600 
V/mV 
Vo= 0.05V to 3.5V, RL= 50k 
• 
80 
400 
60 
400 
V/mV 


Maximum Output Voltage 
Output Low, No Load 
• 
4.5 
8 
4.5 
8 
mV 
Swing 
Output Low, ISINK = 100~A 
• 
125 
170 
125 
170 
mV 
Output High, No Load 
• 
3.9 
4.2 
3.9 
4.2 
V 
Output High, 2k to GND 
• 
3.0 
3.7 
3.0 
3.7 
V 


Is 
Supply Current per Amplifier 
• 
43 
60 
45 
70 
~A 


Ell 


LT1078AC11079AC 
LT1078C/l079C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vas 
Input Offset Voltage 
LT1078 
• 
50 
150 
60 
240 
~V 
LT1079 
• 
60 
180 
70 
270 
~V 


dVosfdT 
Input Offset Voltage Drift 
(Note 5) 
• 
0.4 
1.8 
0.5 
2.5 
~V/oC 


los 
Input Offset Current 
• 
0.06 
0.35 
0.06 
0.50 
nA 


Is 
Input Bias Current 
• 
6 
9 
6 
11 
nA 
CMRR 
Common·Mode Rejection 
VCM = OVto 3.4V 
• 
94 
108 
90 
106 
dB 
Ratio 


PSRR 
Power Supply Rejection 
Vs = 2.6V to 12V 
• 
100 
112 
97 
112 
dB 


Ratio 


AYOL 
Large Signal Voltage Gain 
Vo= 0.05V to 4V, No Load 
• 
150 
750 
110 
750 
V/mV 
Vo= 0.05V to 3.5V, RL= 50K 
• 
110 
500 
80 
500 
V/mV 
Maximum Output Voltage 
Output Low, No Load 
• 
4.0 
7 
4.0 
7 
mV 
Swing 
Output Low, IS1NK = 100~A 
• 
105 
150 
105 
150 
mV 
Output High, No Load 
• 
4.1 
4.3 
4.1 
4.3 
V 
Output High, 2k \0 GND 
• 
3.3 
3.8 
3.3 
3.8 
V 


Is 
Supply Current per Amplifier 
• 
40 
55 
42 
63 
~A 


LT1078AMIAC 
LT1078MIC 
LT1079AMIAC 
Ln079MIC 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
45 
250 
50 
350 
~V 


los 
Input Offset Current 
0.05 
0.25 
0.05 
0.35 
nA 


IB 
Input Bias Current 
6 
8 
6 
10 
nA 


Input Voltage Range 
13.5 
13.8 
13.5 
13.8 
V 
-15.0 
-15.3 
-15.0 
-15.3 
V 


CMRR 
Common-Mode Rejection Ratio 
VCM+ 13.5V, -15V 
100 
114 
97 
114 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs = 5V, OVto ± 18V 
102 
114 
100 
114 
dB 


AVOL 
Large Signal Voltage Gain 
Vo= ±10V,RL=50k 
1000 
5000 
1000 
5000 
VlmV 
Vo= ±10V,RL=2k 
400 
1100 
300 
1100 
V/mV 


VOUT 
Maximum Output Voltage Swing 
RL =50k 
±13.0 
±14.0 
±13.0 
±14.0 
V 
RL = 2k 
±11.0 
± 13.2 
±11.0 
±13.2 
V 


SR 
Slew Rate 
0.06 
0.10 
0.06 
0.10 
V/~s 


Is 
Supply Current per Amplifier 
46 
65 
47 
75 
~A 


LT1078AMl1079AM 
Ln078Ml1079M 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
85 
430 
100 
600 
~V 


!!.Vos/!!.T 
Input Offset Voltage Drift 
(Note 5) 
• 
0.4 
1.8 
0.5 
2.5 
~V/oC 


los 
Input Offset Current 
• 
0.07 
0.50 
0.07 
0.70 
nA 


IB 
Input Bias Current 
• 
7 
10 
7 
12 
nA 


AVOL 
Large Signal Voltage Gain 
Vo = ± 10V,RL = 5k 
• 
200 
700 
150 
700 
VimV 


CMRR 
Common-Mode Rejection Ratio 
VCM= + 13V, -14.9V 
• 
94 
110 
90 
110 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs=5V,OVto 
±18V 
• 
98 
110 
94 
110 
dB 


Maximum Output Voltage Swing 
RL = 5k 
• 
±11.0 
±13.5 
± 11.0 
±13.5 
V 


Is 
Supply Current per Amplifier 
• 
52 
80 
54 
95 
~A 


LT1078AC11079AC 
Ln078CI1079C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
60 
330 
75 
460 
~V 


!!.Vos/!!.T 
Input Offset Voltage Drift 
(Note 5) 
• 
0.4 
1.8 
0.5 
2.5 
~V/oC 


los 
Input Offset Current 
• 
0.06 
0.35 
006 
0.50 
nA 


IB 
Input Bias Current 
• 
6 
9 
6 
11 
nA 


AVOL 
Large Signal Voltage Gain 
Vo= ± 10V,RL =5k 
• 
300 
1200 
250 
1200 
V/mV 


CMRR 
Common-Mode Rejection Ratio 
VCM= 13V, -15V 
• 
97 
112 
94 
112 
dB 
PSRR 
Power Supply Rejection Ratio 
Vs=5V,OVto 
±18V 
• 
100 
112 
97 
112 
dB 
Maximum Output Voltage Swing 
RL=5k 
• 
±11.0 
±13.6 
±11.0 
±13.6 
V 


Is 
Supply Current per Amplifier 
• 
49 
73 
50 
85 
~A 


The. 
denotes the specifications 
which appiy over the full operating 
temperature range. 


Nole 1: Typical parameters are defined as the 60% yield of parameter 
distributions 
of individual amplifiers; i.e., out of 100 LT1079s (or 100 
Ln078s) typically 240 op amps (or 120)will be belter than the indicated 
specification. 


Nole 2: This parameter is tested on a sample basis only. All noise 


parameters are tested with Vs = ± 2.5V,Vo= OV. 


Nole 3: This parameter is guaranteed by design and is not tested. 


Note 4: Power supply rejection ratio is measured at the minimum supply 
voltage. The op amps actually work at 1.8V supply but with a typical offset 
skew of - 300~V. 


Nole 5: This parameter is not 100% tested. 
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The 
LT1078/LT1079 
devices 
are 
fully 
specified 
with 
V+ =5V, V- =0, VCM=0.1V. This set of operating 
condi· 
tions appears to be the most representative 
for battery 
powered micropower 
circuits. 
Offset voltage is internally 
trimmed 
to a minimum 
value at these supply voltages. 
When 9V or 3V batteries or ± 2.5V dual supplies are used, 
bias and offset 
current 
changes 
will be minimal. 
Offset 
voltage changes will be just a few microvolts 
as given by 
the 
PSRR and 
CMRR specifications. 
For example, 
if 
PSRR = 114dB (= 2p.VIV),at 9V the offset voltage change 
will be 8p.V.Similarly, Vs = ± 2.5V, VCM= 0 is equivalent to a 
common·mode 
voltage change of 2.4V or a Vas change of 
7p.Vif CMRR = 110dB (3p.V/V). 


A full set of specifications 
is also provided at ± 15V sup· 
ply voltages 
for comparison 
with other devices and for 
completeness. 


Single Supply Operation 


The LT1078/LT1079 are fully 
specified 
for single 
supply 
operation, 
Le., when the negative supply is OV.Input com· 
mon·mode 
range 
goes 
below 
ground 
and the 
output 
swings within a few millivolts 
of ground while sinking cur· 
rent. All competing 
micropower 
op amps either cannot 
swing to within 600mV of ground (OP·20, OP·220, OP·420) 


or need a pull down resistor 
connected 
to the output 
to 
swing to ground (OP·90, OP·290, OP·490, HA5141/42/44). 
This difference 
is critical 
because in many applications 
these competing 
devices 
cannot 
be operated 
as micro· 
power op amps and swing to ground simultaneously. 


As an example, 
consider 
the instrumentation 
amplifier 


shown on the front page. When the common·mode 
signal 
is low and the output 
is high, amplifier 
A has to sink 
current. 
When the common·mode 
signal 
is high and the 
output low, amplifier 
B has to sink current. The competing 
devices require a 12k pull down resistor at the output of 
amplifier 
A and a 15k at the output 
of B to handle the 
specified 
signals. (The LT1078 does not need pull down reo 


sistors.) 
When the common·mode 
input is high and the 
output is high these pull down resistors draw 300p.A(150p.A 
each), which is excessive for micropower 
applications. 


The instrumentation 
amplifier 
is by no means the only ap· 
plication 
requiring current sinking capability. 
In 7 of the 9 
single supply applications 
shown in this data sheet the op 
amps have to be able to sink current. In two of the applica· 
tions the first amplifier 
has to sink only the 6nA input bias 
current 
of the second 
op amp. The competing 
devices, 


however, 
cannot 
even 
sink 
6nA without 
a pull 
down 
resistor. 


Since the output of the LT1078/LT1079 cannot go exactly 
to ground, but can only approach ground to within a few 
millivolts, 
care should be exercised to ensure that the out· 


put is not saturated. For example, a 1 mV input signal will 
cause the amplifier to set up in its linear region in the gain 
100 configuration 
shown below, but is not enough to make 
the amplifier 
function 
properly 
in the voltage 
follower 
mode. 


~ 


5V 
99R 


-= 
lOOmV 


1mV 
+ 
qt 


v 


- 
OUTPUT 


SATURATEO 


lmV 
• 
-= 
~3.5mV 


Single supply operation can also create difficulties 
at the 
input. The driving signal can fall below OV-inadvertently 


or on a transient basis. If the input is more than a few hun· 
dred millivolts 
below ground, two distinct 
problems 
can 
occur 
on previous 
single 
supply 
designs, 
such as the 
LM124, LM158, OP·20, OP·21, OP·220, Op·221, OP·420 
(a and b), OP·90/290/490 (b only): 


a) When the input is more than a diode drop below ground, 
unlimited 
current 
will 
flow 
from 
the 
substrate 
(V- 
terminal) 
to the input. This can destroy the unit. On the 
LT1078/LT1079, resistors 
in series with the input protect 
the devices even when the input is 5V below ground. 


b) When the input is more than 400mV below ground (at 
25°C), the input stage saturates and phase reversal occurs 
~ 
at the output. This can cause lock·up in servo systems. 
•• 
Due to a unique phase reversal protection 
circuitry, 
the 
LT1078/LT1079's output 
does not reverse, as illustrated 
below, even when the inputs are at -tOY. 


lms/DIV 


6Vp-p 
INPUT, 
-1.0Ta 
+5.0V 


lms/DIV 


OP-90 EXHIBITS 
OUTPUT 
PHASE REVERSAL 


lms/DIV 


LT1D78/LTl079 
NO PHASE REVERSAL 


Comparator Applications 


The single supply operation 
of the LT1078/1079 and its 
ability 
to swing 
close 
to ground 
while sinking 
current 


Comparator 
Rise Response Time 
to 10mV, 5mV, 2mV Overdrives 


:;- 
§. 


>- 
OJ 


~ -100 


lends itself to use as a precision 
comparator 
with TTL 
compatible 
output. 


Comparator 
Fall Response Time 
to 10mV, 5mV, 2mV Overdrives 


Matching Specifications 


In many applications 
the performance of a system 
depends on the matching between two op amps, rather 
than the individual characteristics of the two devices. The 
two and three op amp instrumentation amplifier configura· 
tions shown in this data sheet are examples. Matching 
characteristics 
are not 100% tested on the LT1078/79. 


Some specifications 
are guaranteed by definition. 
For 
example, 70p,Vmaximum offset voltage implies that mis· 
match cannot be more than 140p,V.97dB (= 14p,VN) CMRR 
means that worst case CMRR match is 91dB (= 28p,VIV). 
However,the following table can be used to estimate the 
expected matching performance at Vs= 5V, OV between 
the two sides of the LT1078,and between amplifiers A and 
D,and between amplifiers Band C of the LT1079. 


LT1078AM/AC 
LT1078M/C 
LT1079AM/AC 
LT1079M/C 


PARAMETER 
50% YIELD 
98% YIELD 
50% YIELD 
98% YIELD 
UNITS 


Vos Match, ~Vos I 
LT1078 
30 
110 
50 
190 
~V 


I 
LT1079 
40 
150 
50 
250 


Temperature Coefficient 
~Vos 
0.5 
1.2 
0.6 
1.8 
~V/oC 


Average Non·lnverting 
IB 
6 
8 
6 
10 
nA 


Match of Non·lnverting 
IB 
0.12 
0.4 
0.15 
0.5 
nA 


CMRRMatch 
120 
100 
117 
97 
dB 


PSRR Match 
117 
105 
117 
102 
dB 


Rp=ROSEMOUNT 
118MF 
•• = TRW MAR-6 
0.1 % 


• = 1% METAL FILM 


Rp 
lk" 
lk@ 
O°C 


0.02V TO 2.2V OUT = 
2°C TO 220°C 
±0.1°C 


SUPPLY CURRENT: 
+9V 
BATIERY= 
115,.A 
- 9V BATIERY = 85,.A 


OUTPUT NOISE: 36.Vpp. 
O.lHzTO 
10Hz 


THE LTl078 
CONTRIBUTES 
LESS THAN 3% OF THE TOTAL OUTPUT NOISE ANO 


ORIFT WITH TIME ANO TEMPERATURE. 
THE ACCURACY OF THE -5V 
OUTPUT 
OEPENOS ON THE MATCHING OF THE TWO 1M RESISTORS. 


1M 


INPUT 
OUTPUT 


1M 
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TO 2.4V 
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':" 


10M 


BANOWIDTH = 20kHz 
OUTPUT OFFSET =O.7mV 
OUTPUT NOISE=80.Vpp 
(O.lHz 
TO 10Hz) 
260.V 
RMS OVER FULL BANDWIDTH 


THE USEFULNESS 
OF OIFFERENCE AMPLIFIERS 
IS LIMITED 
BY THE FACT THAT 
THE INPUT RESISTANCE IS EQUAL TO THE SOURCE RESISTANCE. 
THE PICO· 


AMPERE OFFSET CURRENT AND LOW CURRENT NOISE OF THE LTl078 
AL· 


LOWS THE USE OF 1Mil 
SOURCE RESISTORS WITHOUT 
DEGRADATION IN 


PERFORMANCE. 
IN AOOlTION. WITH MEGAOHM 
RESISTORS MICROPOWER 
OPERATION CAN BE MAINTAINED. 
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~ +W) 
~ 
=100 
FOR VALUES SHOWN 


INPUT BIAS CURRENT TYPICALLY < 150pA 
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LIMIT =ISx2R+20mV 
= 140mV 


GAIN BANDWIDTH 
PRODUCT = 1.8MHz 
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NO DISTORTION 
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~1.8V 
o 


35V-f\ 
-3.SVV V 


ERRORS DUE TO SWITCH 
ON RESISTANCE, 


LEAKAGE CURRENTS, 
NOISE ANO TRANSIENTS 
ARE ELIMINATED 


GAIN 
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10 
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low 
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CD4016B 
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NEGATIVE SUPPLY CURRENT = 165"A + 
X + Yto~:OUT 


POSITIVE SUPPLY CURRENT=165"A+ 
:ol 


OUTPUT 
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BIPOLAR SYMMETRY 
IS EXCELLENT 


BECAUSE ONE DEVICE, 02, SETS BOTH LIMITS 
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02,3. 
4, 5 CA 3096 TRANSISTOR 
ARRAY 


BATTERY 
OUTPUT 


_12V 
J, 


1/2 LT1078 
1/4 LT1079 
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H Package 
8 Lead TO·SMetal Can 


J Package 
8 Lead Ceramic DIP 
N Package 
8 Lead Plastic 01P 
(~M~)t~ 


I 
(1~11 
~~~D"~'~ 


--1 
1 
2 
3. 
01'00 
~ 
I-- 
(~ 
'~'rumo",-o"""" 
Mlll::L" 
oo,,-o~JiJ L 
"" 
(0.360-0660) 
"'f'i75 
'" 
0038-0068 
0 1I1O.,0010 
109'H''''~ ~ 
,,~o.,,~, 


J Package 
14 Lead Ceramic DIP 


0008-001' 
{O2m-O 
46011 
I-~::~:l~ 


r--'~~'I 
O 


llolr"ll5ll 


~0010 
(63!1O.02!>tJ 
~ 


I 
2 
3 
• 


N Package 
14 Lead Plastic DIP 


• 17/LAMax Supply Current per Amplifier 
• 70/LVMax Offset Voltage 
• 250pA Max Offset Current 
• 5nA Max Input Bias Current 
• 0.9/LVp,p0.1Hzto 10HzVoltage Noise 
• 1.5pAp·p 0.1Hzto 10HzCurrent Noise 
• 0.5/LV/oCOffset Voltage Drift 
• 85kHz Gain·Bandwidth·Product 
• 0.04V//LsSlew Rate 
• Single Supply Operation 
Input Voltage Range Includes Ground 
Output SWingsto Ground while Sinking Current 
No Pull Down Resistors are Needed 
• Output Sources and Sinks 5mA Load Current 


• Battery or Solar Powered Systems 
Portable Instrumentation 
Remote Sensor Amplifier 
Satellite Circuitry 
• Micropower Sample and Hold 
• Thermocouple Amplifier 
• Micropower Filters 


LTl178/LTl179 


17/lAMax, Dual and Quad, 
Single Supply, Precision Op Amps 


The LT1178 is a micropower dual op amp in the standard 
8-pin configuration; the LT1179 is a micropower quad op 
amp offered in the standard 14·pin packages. Both devices 
are optimized for single supply operation at 5V.Specifica- 
tions are also provided at ± 15Vsupplies. 


The extremely low supply current is combined with true 
precision specifications: offset voltage is 30/LV,offset cur- 
rent is 50pA. Both offset parameters have low drift with 
~ 
temperature. The 1.5pAp-p current noise and picoampere 
•• 
offset current permit the use of megaohm level source reo 
sistors without introducing serious errors. Voltage noise, 
at 0.9/LVp,p,is remarkably low considering the low supply 
current. 


Both the LT1178and LT1179can be operated from a single 
supply (as low as one lithium cell or two Ni-cad batteries). 
The input range goes below ground. The all-NPN output 
stage swings to within a few millivolts of ground while 
sinking current-no 
power consuming pull down resistors 
are needed. 


For applications where three times higher supply current 
is acceptable, the micropower LT1078 dual and LT1079 
quad are recommended. The LT1078/79have significantly 
higher bandwidth, slew rate; lower voltage noise and bet- 
ter output drive capability . 


• =0.1% 
FILM RESISTORS 
TOTAL BATIERY 
CURRENT 
= 28~ 
OUTPUT 
ACCURACY = ",0 
4% 
MAX 
TEMPERATURE 
COEFFICIENT 
=2Oppm/oC 
LOAD REGULATION = 25ppm/mA. 
Il:s5mA. 
V+ 
2:.5V 
LINE 
REGULATION 
== lOppmIV 


Supply Voltage 
±22V 
Differential Input Voltage 
± 30V 
Input Voltage 
Equal to Positive Supply Voltage 


........ 
5V Below Negative Supply Voltage 
Output Short Circuit Duration 
Indefinite 
Operating Temperature Range 
LT1178AM/LT1178MI 
LT1179AM/LT1179M 
- 55°C to 125°C 
LT1178AC/LT1178CI 
LT1179AC/LT1179C 
O°C to 70°C 
Storage Temperature Range 
All Grades 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


4 


v- (CASE) 


H PACKAGE 


a·LEAD 
TO-S METAl 
CAN 


ORDER PART 
NUMBER 


LT1178AMH 
LT1178MH 
LT1178ACH 
LT1178CH 
LT1178AMJ8 
LT1178MJ8 
LT1178ACJ8 
LT1178CJ8 
LT1178ACN8 
LT1178CN8 


LT1179AMJ 
LT1179MJ 
LT1179ACJ 
LT1179CJ 
LT1179ACN 
LT1179CN 


LT1178AM/AC 
LT1178M/C 
LT1179AM/AC 
LT1179M/C 
SYMBOL 
PARAMETER 
CONDITIONS (NOTE 1) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vas 
Input Offset Voltage 
LTl178 
30 
70 
40 
120 
~V 


LTl179 
35 
100 
40 
150 
~V 


t.vos 
Long Term Input Offset 
0.5 
0.6 
~V/Mo 


<1Time 
Voltage Stability 


los 
Input Offset Current 
0.05 
0.25 
0.05 
0.35 
nA 


IB 
Input Bias Current 
3 
5 
3 
6 
nA 


en 
Input Noise Voltage 
O.lHz to 10Hz(Note 2) 
0.9 
2.0 
0.9 
~Vp·p 


Input Noise Voltage Density 
fo= 10Hz (Note 2) 
50 
75 
50 
nV/v'Hz 
fo= 1000Hz (Note 2) 
49 
65 
49 
nV/v'Hz 


in 
Input Noise Current 
0.1Hz to 10Hz (Note 2) 
1.5 
2.5 
1.5 
pAp·p 


Input Noise Current Density 
fo= 10Hz (Note 2) 
0.03 
0.07 
0.03 
pAlv'Hz 


fo= 1000Hz 
0.01 
0.01 
pAlv'Hz 


Input Resistance 
(Note 3) 
Differential 
Mode 
0.8 
2.0 
0.6 
2.0 
GO 


Common·Mode 
12 
12 
GO 


Input Voltage Range 
3.5 
3.9 
3.5 
3.9 
V 


0 
-0.3 
0 
-0.3 
V 


CMRR 
Common·Mode Rejection 
VCM = OVto 3.5V 
93 
103 
90 
102 
dB 
Ratio 


PSRR 
Power Supply Rejection 
Vs = 2.2V to 12V 
94 
104 
92 
104 
dB 
Ratio 


AVOL 
Large Signal Voltage Gain 
Vo = 0.03V to 4V. No Load (Note 3) 
140 
700 
110 
700 
V/mV 


Va = 0.03V to 3.5V. RL= 50k 
80 
200 
70 
200 
V/mV 


LT1178AM/AC 
LT1178M/C 
LT1179AM/AC 
LT1179M/C 
SYMBOL 
PARAMETER 
CON DITIONS (NOTE 1) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Maximum Output Voltage 
Output Low, No Load 
6.5 
9 
6.5 
9 
mV 
Swing 
Output Low, 2k to GND 
0.2 
0.6 
0.2 
0.6 
mV 
Output Low, IS1NK = 100~A 
120 
160 
120 
160 
mV 
Output High, No Load 
4.2 
4.4 
4.2 
4.4 
V 
Output High, 2k to GND 
3.5 
3.8 
3.5 
3.8 
V 


SR 
Slew Rate 
Av= tl,CL=10pF(Note3) 
0.013 
0.025 
0.013 
0.025 
Vf~s 


GBW 
Gain Bandwidth Product 
fo<5kHz 
60 
60 
kHz 


Is 
Supply Current per Amplifier 
13 
18 
14 
21 
~A 
Vs = ± 1.5V,Vo= OV 
12 
17 
13 
20 
~ 
Channel Separation 
t>V1N= 3V, RL = 10k 
130 
130 
dB 


Minimum Supply Voltage 
(Note 4) 
2.0 
2.2 
2.0 
2.2 
V 


LT1178AM/1179AM 
LT1178M/1179M 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
LTl178 
• 
80 
290 
100 
420 
~V 
LTl179 
• 
90 
320 
110 
450 
~V 


t>Vosft>T 
Input Offset Voltage Drift 
(Note 5) 
• 
0.5 
2.2 
0.6 
3.0 
~V/oC 


los 
Input Offset Current 
• 
0.07 
0.50 
0.07 
0.70 
nA 


la 
Input Bias Current 
• 
4 
7 
4 
8 
nA 


CMRR 
Common-Mode Rejection 
VCM = 0.05V to 3.2V 
• 
87 
100 
84 
98 
dB 
Ratio 


PSRR 
Power Supply Rejection 
Vs=3.0V to 12V 
• 
88 
100 
86 
100 
dB 
Ratio 


AVOL 
Large Signal Voltage Gain 
Vo = 0.05V to 4V, No Load (Note 3) 
• 
70 
350 
55 
350 
V/mV 
Vo = 0.05V to 3.5V, RL = 50k 
• 
40 
130 
35 
130 
V/mV 


Maximum Output Voltage 
Output Low, No Load 
• 
9 
13 
9 
13 
mV 
SWing 
Output Low, IS1NK = loo~ 
• 
160 
220 
160 
220 
mV 
Output High, No Load 
• 
3.9 
4.2 
3.9 
4.2 
V 
Output High, 2k to GND 
• 
3.0 
3.7 
3.0 
3.7 
V 


Is 
Supply Current per Amplifier 
• 
14 
23 
15 
27 
~A 


LT1178ACI1179AC 
LT1178C/1179C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
LT1178 
• 
50 
170 
65 
250 
~V 
LT1179 
• 
60 
200 
70 
290 
~V 


t>VOflt>T 
Input Offset Voltage Drift 
(Note 5) 
• 
0.5 
2.2 
0.6 
3.0 
~V/oC 


los 
Input Offset Current 
• 
0.06 
0.35 
0.06 
0.50 
nA 


la 
Input Bias Current 
• 
3 
6 
3 
7 
nA 
CMRR 
Common-Mode Rejection 
VCM = OVto 3.4V 
• 
90 
101 
86 
100 
dB 
Ratio 


PSRR 
Power Supply Rejection 
Vs = 2.5V to 12V 
• 
90 
102 
88 
102 
dB 
Ratio 


AVOL 
Large Signal Voltage Gain 
Va = 0.05V to 4V, No Load (Note 3) 
• 
105 
500 
80 
500 
V/mV 
Va = 0.05V to 3.5V, RL = 50K 
• 
55 
160 
45 
160 
V/mV 
Maximum Output Voltage 
Output Low, No Load 
• 
8 
11 
8 
11 
mV 
SWing 
Output Low, IS1NK = 100~A 
• 
140 
190 
140 
190 
mV 
Output High, No Load 
• 
4.1 
4.3 
4.1 
4.3 
V 
Output High, 2k to GND 
• 
3.3 
3.8 
3.3 
3.8 
V 


Is 
Supply Current per Amplifier 
• 
14 
21 
15 
24 
~ 


LT1178AM/AC 
LT1178M/C 
LT1179AM/AC 
LT1179M/C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TY? 
MAX 
UNITS 


Vos 
Input Offset Voltage 
80 
350 
100 
480 
~V 


los 
Input Offset Current 
0.05 
0.25 
0.05 
0.35 
nA 


Is 
Input Bias Current 
3 
5 
3 
6 
nA 


Input Voltage Range 
13.5 
13.9 
13.5 
13.9 
V 
-15.0 
-15.3 
-15.0 
-15.3 
V 


CMRR 
Common-Mode Rejection Ratio 
VCM+ 13.5V, -15V 
97 
106 
94 
106 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs=5V,OVto±18V 
96 
112 
94 
112 
dB 


AVOl 
Large Signal Voltage Gain 
Vo= ±10V, Rl=5Ok 
300 
1200 
250 
1000 
V/mV 
Vo= + 10V, No Load 
600 
2500 
400 
2500 
V/mV 


VOUT 
Maximum Output Voltage Swing 
Rl =5Ok 
±13.0 
±14.2 
±13.0 
±14.2 
V 
Rl-2k 
±11.0 
±12.7 
+11.0 
+12.7 
V 


SR 
Slew Rate 
Av= +1 
0.02 
0.04 
0.02 
0.04 
V/~s 


GBW 
Gain Bandwidth Product 
fo<5kHz 
85 
85 
kHz 


Is 
Supply Current per Amplifier 
16 
21 
17 
25 
~A 


LT1178AM/1179AM 
LT1178M/1179M 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
UNITS 


Ves 
Input Offset Voltage 
• 
140 
630 
170 
880 
~V 


!:NosIt>T 
Input Offset Voltage Drift 
(Note 5) 
• 
0.6 
2.8 
0.7 
4.0 
~V/oC 


los 
Input Offset Current 
• 
0.07 
0.50 
0.07 
0.70 
nA 


Is 
Input Bias Current 
• 
4 
7 
4 
8 
nA 


AVOl 
Large Signal Voltage Gain 
Vo= ±10V, Rl =5Ok 
• 
120 
500 
100 
500 
V/mV 


CMRR 
Common-Mode Rejection Ratio 
VCM = + 13V, -14.9V 
• 
92 
103 
88 
103 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs=5V,OVto 
±18V 
• 
91 
109 
88 
109 
dB 


Maximum Output Voltage SWing 
Rl = 5k 
• 
±11.0 
±13.5 
±11.0 
±13.5 
V 


Is 
Supply Current per Amplifier 
• 
18 
26 
19 
30 
~ 


LT1178AC/1179AC 
LT1178C/1179C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
100 
480 
130 
880 
~V 


t>Voflt>T 
Input Offset Voltage Drift 
(Note 5) 
• 
0.6 
2.8 
0.7 
4.0 
~V/oC 


los 
Input Offset Current 
• 
0.06 
0.35 
0.06 
0.35 
nA 


Is 
Input Bias Current 
• 
3 
6 
3 
7 
nA 
AVOl 
Large Signal Voltage Gain 
Vo= ± 10V,Rl =50k 
• 
200 
800 
150 
750 
V/mV 
CMRR 
Common-Mode Rejection Ratio 
VCM = 13V, -15V 
• 
94 
104 
91 
104 
dB 
PSRR 
Power Supply Rejection Ratio 
Vs=5V,OVto 
+18V 
• 
93 
110 
91 
110 
dB 
Maximum Output Voltage Swing 
Rl=5k 
• 
+11.0 
±13.6 
+ 11.0 
±13.6 
V 


Is 
Supply Current per Amplifier 
• 
17 
24 
18 
28 
~A 


The. 
denotes the specifications 
which apply over the full operating 
temperature range. 


Note 1: Typical parameters are defined as the 60% yield of parameter 
distributions 
of individual amplifiers; i.e., out of 100 LTl179s (or 100 
LT1178s) typically 240 op amps (or 120)will be better than the indicated 
specification. 


Note 2: This parameter is tested on a sample basis only. All noise 


parameters are tested with Vs = ± 2.5V,Vo = OV. 


Note 3: This parameter is guaranteed by design and is not tested. 


Note 4: Power supply rejection ratio is measured at the minimum supply 
voltage. The op amps actually work at 1.7V supply but with a typical offset 
skew of - 3OO~V. 


Note 5: This parameter is not 100% tested. 


• Guaranteed Offset Voltage Drift on All Grades 
• Guaranteed Slew Rate on All Grades 
• Guaranteed 
Low Input Offset Current 
10pA Max. 


• Guaranteed 
Low Input Bias Current 
50pA Max. 
• Guaranteed 
High Slew Rate (156A/356A) 
10V/pS Min. 


• Fast Settling to 0.01 % 
1.5pS 


• Output Amplifiers for D/ A Converters 
• Fast Sample and Hold Circuits 
• High Speed Integrators 
• Photocell Amplifiers 
• High Input Impedance Buffers 


LF155A/355A/155/355 
LF156A/356A/156/356 


JFET-Input Operational 
Amplifiers 
Low Supply Current (LF155) 
High Speed (LF156) 


Linear Technology's 
LF155/156 
series features several 
improvements compared to similar types from other man- 
ufacturers: offset voltage drift with temperature and slew 
rate are guaranteed on all grades, not just on the more 
expensive" 
A" grades. Other specifications such as volt- 
age gain and high temperature bias and offset currents 
are also improved. 


The industry standard LF155/ 156 devices exhibit phase 
reversal at the output when the negative common-mode 
limit at the input is exceeded (i.e., from -12V 
to -15V 
with ± 15V supplies). This can cause lock-up in servo 
systems. As shown below, Linear Technology's LF155/ 156 
does not have this problem due to unique phase reversal 
protection circuitry. For applications requiring higher per- 
formance, see the LT1055 and LT1056 data sheets. 


Ell 


Voltage Follower with Input Exceeding the Negative 
Common-Mode 
Range 


INPUT 


10V/DIV 
O.5ms/DiV 


OUTPUT 
STANDARD 
155/156 
10V/DiV 


OUTPUT 
LINEAR 
TECH 


155/156 
10V/DiV 


LF155A/355A/155/355 
LF156A/356A/156/356 


ABSOLUTEmAXimum 
RATinGS 


Supply Voltage 
LF155A/ 155/ 355A, 
LF156A/156/356A 
±22V 
LF355 / 356 . . . . . . . . . . . . . . . . . . . . . . . .. 
± 18V 
Differential Input Voltage 


LF155A/155/156A/156 
±40V 
LF355A/355/356A/356 
±30V 
Input Voltage (Note 1) 
LF155A/155/156A/156 
±20V 


LF355A/355/356A/356 
±16V 


Output Short Circuit Duration 
Indefinite 


Operating Temperature Range 
LF155A/155/156A/156 
-55°Cto125°C 
LF355A/355/356A/356 
O°Cto70°C 


Maximum Junction Temperature 
LF155A/155/156A/156 
150°C 
LF355A/355/356A/356 
100°C 
Storage Temperature Range 
AIiDevices 
-65°Cto150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


TOP VIEW 


N/C 
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LF155H 
LF155AH 
LF355H 
LF355AH 


LF156H 
LF156AH 
LF356H 
LF356AH 


LF355N8 
LF356N8 
LF355AN8 
LF356AN8 


Vas is adjusted with a 20k or 50k 
potentiometer between the balance 
terminals. The wiper is tied to V + 


LF155A/156A 
LF155/156 
LF355/356 
SYMBOL 
PARAMETER 
CONDITIONS 
LF355A/356A 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vas 
Input Offset 
TA=25°C 
1 
2 
2 
13. 


5 
3 I: 


mV 


Voltage 
Over Temperature 
• 
2.5 
4.8 
mV 
355A/356A 
• 
2.3 
mV 


AVos 
Average TC of 
Rs=50n 
• 
3 
5 
5 


1 


15 
5 


1 


25 
p.V/oC 
~ 
Input Offset 
Voltage 


Change in 
Rs=50n 
(Note 4) 
• 
0.5 
0.5 
0.5 
p.V/oC 
Average TC with 
per mV 


Vas Adjust 


los 
Input Offset 
Tj = 25°C (Note 3) 
.- 


3 
10 
3 
20 - 
3 
50 
pA 
Current 
Tj:S 125°C 
9 
9 
- 
nA 
Tj:S 70°C 
• 
0.7 
- 
1.5 
nA 


18 
Input Bias 
Ti = 25°C (Note 3) 
30 
50 
30 
100 
30 
200 
pA 
Current 
Tj:s125°C 
• 
15- 
15 
- 
nA 


Tj:S 70°C 
• 
0.9 
3.0 
nA 


R1N 
Input 
Tj=25°C 
1012 
10'2 
10" 
n 


Resistance 


AVOL 
Large Signal 
Vs=±15V,TA=25°C, 
75 
200 
50 
200 
40 I 


200 
V/mV 
Voltage 
Vo=±10V.RL=2k 
Gain 
Over Temperature 
• 
30 I 
25 
25 
V/mV 


LF155A/355A/155/355 
LF156A/356A/156/356 


LF155A/156A 
LF155/156 
LF355/356 
SYMBOL 
PARAMETER 
CONDITIONS 
LF355A/356A 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VA 
Output 
Vs= ±15V, RL=10k 
• 
±12 
±13 
±12 
±13 
±12 
±13 
V 
Voltage 
Vs= ±15V, RL =2k 
• 
±10 
±12 
±10 
±12 
±10 
±12 
V 
Swing 


VCM 
Input 
Common-Mode 
Vs=±15V 
• 
±11 
+15.1 
±11 
+15.1 
±10 
±15.1 
V 
Voltage Range 
-12 
-12 
-12 


CMRR 
Common-Mode 
• 
.85 
100 
85 
100 
80 
100 
dB 
Rejection Ratio 


PSRR 
Supply Voltage 
Vs= ± 10V to ± 18V 
• 
85 
100 
85 
100 
- 
- 
dB 
Rejection Ratio 
Vs= ± 10V to ± 15V 
• 
- 
- 
80 
100 
dB 


Is 
Supply Current 
TA=25°C, 
Vs= ±15V 
LF155/355 Series 
2 
4 
2 
4 
2 
4 
mA 
LF156/356 Series 
r~ 
7 
5 
7 
5 
10 
mA 
LF356A 
7 
- 
- 
- 
- 
mA 


SR 
Slew Rate 
Av= +1 
TA=25°C, 
Vs= ± 15V - 
-5 
- 
LF155/355 Series 
7 
7 
2.5 
6 
VII'S 


LF156/356 Series 
10 
12 
9 
12 
4 
12 
VII'S 


GBW 
Gain Bandwidth 
TA=25°C, 
Vs= ±15V 
Product 
LF155/355 Series 
- 
2.5 
2.5 
2.5 
MHz 


LF156/356 Series 
4 
5 
5 
5 
MHz 
ts 
Settling Time 
TA=25°C, 
Vs= ±15V 
toO.01% 
LF155 Series (Note 5) 
4 
4 
4 
I'S 


LF156 Series 
1.5 
1.5 
1.5 
P.s 


en 
Input Noise 
TA=25°C, 
Vs= ±15V 
Voltage 
f= 100Hz 
Density 
LF155 Series 
25 
25 
25 
nV1"fHz 
LF156 Series 
15 
15 
15 
nV/"fHz 


f= 1000Hz 
LF155 Series 
20 
20 
20 
nV/"fHz 
LF156 Series 
12 
12 
12 
nV/"fHz 


in 
Input Noise 
TA=25°C, 
Vs= ±15V 
pA/"fHz 
Current 
f=100Hz 
0.01 
0.01 
0.01 


Density 
f=1000Hz 
0.01 
0.01 
0.01 
pA/"fHz 


C'N 
Input 
• 
3 
3 
3 
pF 
Capacitance 


The. 
denotes the specifications which apply over the full operating 


temperature range. The shaded electrical specifications indicate those 
parameters which have been improved or guaranteed test limits provided 
for the first time. 


For MIL-STD components, please refer to LTC883C data sheet for test 
listing and parameters. 


Note 1: Unless otherwise specified, the absolute maximum negative 
input voltage is equal to the negative power supply voltage. 


Note 2: Unless otherwise stated, these test conditions appiy: 


LF155A/156A 
LF355A/356A 
LF355/356 
LF1551156 


Supply Voltage. Vs 
±lSVsVss:t::20V 
±15V:s:VS:5±18V 
VS=±15V 


TA 
-55°CsTAs 
+ 12SVC 
O"CsTAs 
+ 70Ge 
O°C:sTAs +70°C 


Note 3: The input bias currents are junction leakage currents which 
approximately double for every 1Q°C increase in the junction 
temperature, T)' Due to limited production test time, the input bias cur- 
rents measured are correlated to junction temperature. In normal opera- 
tion the junction temperature rises above the ambient temperature as a 
result of internal power dissipation, PD' T,= TA + eJA Powhere eJA is 
the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 


Note 4: The temperature coefficient of the adjusted input offset voltage 
changes only a small amount (0.5p.V/oC typically) for each mV of adjust- 
ment from its original unadjusted value. Common-mode rejection and 
open loop voitage gain are also unaffected by offset adjustment. 


Note 5: Settling time is defined here for a unity gain inverter connection 
using 2kfl resistors. It is the time required for the error voltage (the 
voltage at the inverting input pin on the amplilier) to settle to within 
001 % of its final value from the time a 10V step input is applied to the 
inverter. 


Ell 


LF155A 1355A 1155/355 
LF156A/356A/156/356 
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LF156 Large Signal 
Response 
LF156 Small Signal 
Response 


PACKAGE DESCRIPTiOn 
Dimensions in inches (millimeters) 
unless otherwise 
noted. 


H Package Metal Can 
N8 Package 8 Lead Plastic 


~-l 
•..J.". 
~~_=r'" 
J L·... 
.... 
(1.016) 
MAX 
(1.5~.1 
so 
.....r(:::=~i~l=f- 
(0.501) 
0.005 


"t" 
- 
".',:7} 
.------ - 
~ 
(U37-U451 


~O.145 


(2,92'.3.6831 


0.03lI-0-I1IO 


(0.162-1.5%41 


'" 
0.014-0.023 
(0.356-0.*) 
'" 
,R'·... 


, 
, 
, 
, 
Jt···...J':~ 
(O.203-0.311) 
'" 
Q.Z90-0.310 


(1.366-7.8741 


• 
Internally Trimmed Offset Voltage 
• Offset Voltage Drift 
• High Slew Rate 
• Wide Bandwidth 
• Low Supply Current per Amplifier 
• Low Input Bias Current 
• Standard 8·Pin Configuration 
• All Packages Available: 


1mV Max. 
10/lV/oC Max. 
10V//ls Min. 
3.5MHz Min. 
1.8mA Typ. 
10pA Typ. 


Metal Can 
Hermetic DIP 
Plastic DIP 


• Sample and Hold Amplifiers 
• Output Amplifier 
for Dual Current Output DACs 
• 
High Speed Integrators 
• 
Photocell Amplifiers 
• High Input Impedance Instrumentation 
Amplifiers 


LF412A/OP-215 


Dual Precision JFETInput 
Operational 
Amplifiers 


Linear Technology's 
LF412A and OP·215 series of dual 
JFET input op amps feature 
several improvements 
com- 
pared to similar types from other manufacturers. 


Both devices 
have lower input 
bias and offset 
currents 
over the entire temperature 
range, and are available 
in all 
standard 8-pin packages. 


In addition, 
Linear's LF412A has lower voltage noise and 
higher voltage 
gain. Linear's 
OP·215 supply 
currents 
are 
nearly halved. 


Please see the LT1057/LT1058 data sheet for applications 
requiring 
higher performance. 
The LT1057 is a pin com· 
patible JFET input dual, the LT1058 is a JFET input quad 
op amp in the standard 14·pin DIP configuration. 
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RISING 


VS~±15V 
RL=2k 
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TEMPERATURE 
(Oe) 


~120 


~100 


>-I80 


~ 
60 
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~ 
40 
""':Jo> 
20 


Supply Voltage 
LF412AM/AC, OP-215AJE 
± 22V 
LF412M/C,OP-215C/G 
± 18V 
Internal Power Dissipation 
670mW 
Operating Temperature Range 
LF412AM/M, OP-215A/C 
- 55°C to 125°C 
LF412AC/C, OP·215E/G 
O°Cto 70°C 
Differential Input Voltage 
LF412AM/AC, Op·215AJE 
± 40V 
LF412M/C, Op·215C/G 
± 30V 
Input Voltage (Note A) 
LF412AM/AC, Op·215AJE 
± 20V 
LF412M/C,OP-215C/G 
±16V 
Output Short Circuit Duration 
Indefinite 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10see) 
300°C 


Note A: 
Maximum 
negative 
input voltage 
is equal to the negative 
supply 


voltage. 


ORDER PART 
NUMBER 


LF412AMH OP·215AH 
LF412MH 
OP·215CH 
LF412ACH Op·215EH 
LF412CH 
Op·215GH 


4 


Y - 
(CASE) 


H PACKAGE METAL CAN 


LF412AMJ8 OP·215AJ8 
LF412MJ8 
OP-215CJ8 
LF412ACJ8 OP-215EJ8 
LF412CJ8 
Op·215GJ8 
LF412ACN8 OP-215EN8 
LF412CN8 
Op·215GN8 


ELECTRICAL CHARACTERISTICS 
Vs= :t 20V lor LF412A,Vs = :t1SV!oraliothergrades. 
VCM= OV,TA = 2S·C unless otherwise noted. 


Op·215A1E 
LF412AM/AC 
LF412, Op·215C/G 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
- 
0.2 
1.0 
- 
0.3 
1.0 
- 
0.5 
3.0 
mV 


los 
Input Offset Current 
Ti = 25°C (Note 1) 
- 
6 
50 
- 
6 
50 
- 
10 
100 
pA 
Warmed·Up 
- 
10 
100 
- 
10 
100 
- 
15 
200 
pA 
Vs= ± 15V 


IB 
Input Bias Current 
Tj = 25°C (Note 1) 
- 
±10 
±loo 
- 
:tl0 
:tloo 
- 
:t15 
:t2OO 
pA 
Warmed-Up 
- 
±15 
±300 
- 
:t15 
:t300 
- 
:t2O 
:1:400 
pA 
Vs=±15V 


R1N 
Input Resistance 
- 
1012 
- 
- 
1012 
- 
- 
lQlf 
- 
0 


AYOl 
Large Signal 
Rl,,2kO, 
Vo= ± 10V 
150 
400 
- 
100 
300 
- 
50 
250 
- 
V/mV 
Voltage Gain 
Vs=±15V 


Vo 
Output Voltage 
Rl = 10kO, Vs= ± 15V 
±12 
±13 
- 
±12 
±13 
- 
±12 
±13 
- 
V 
Swing 
Rl=2kO,Vs=+15V 
+11 
±12.7 
- 
±11 
±12.7 
- 
+11 
±12.7 
- 
V 


Is 
Supply Current 
- 
3.8 
6.0 
- 
3.6 
5.6 
- 
3.8 
6.8 
mA 


SR 
Slew Rate 
Vs= ± 15V 
10 
15 
- 
10 
15 
- 
8 
13 
V/~s 


GBW 
Gain Bandwidth 
Vs = ± 15V (Note 2) 
3.5 
5.7 
- 
3.5 
5.7 
- 
3.0 
5.5 
- 
MHz 
Product 


Settling Time 
toO.Ol% 
- 
2.3 
- 
- 
2.3 
- 
- 
2.4 
- 
~s 
toO.l0% 
- 
1.1 
- 
- 
1.1 
- 
- 
1.2 
~s 


Input Voltage Range 
±11 
+ 14.5 
- 
±16 
+19.5 
:tll 
+14.5 
V 
-11.5 
-16.5 
- 
-11.5 
- 


CMRR 
Common-Mode 
VCM- ±16V 
- 
80 
100 
- 
I~~ 
dB 
Rejection 
Ratio 
VCM= ± llV 
78 
100 - 
- 
- 
- 
100 - 
dB 
VCM= +10.5V 
86 
100 - 
- 
- 
- 
82 
100 
dB 


PSRR 
Power Supply 
Vs= ± 10Vto 
±2OV 
- 
- 
- 
80 
100 
- 
- 
- 
- 
dB 
Rejection 
Ratio 
Vs= ±10Vto 
±18V 
86 
100 
- 
- 
- 
- 
80 
100 
- 
dB 


en 
Input Noise 
t.-l00Hz 
- 
20 
- 
- 
20 
- 
- 
20 
- 
nV/.JHz 
Voltage Density 
to= 1000Hz 
- 
15 
- 
- 
15 
15 
nV/.JHz 


in 
Input Noise 
to= 100Hz 
- 
0.01 
- 
- 
0.01 
- 
- 
0.01 
- 
pA/1Hz 
Current Density 
fo= 1000Hz 
- 
0.01 
- 
- 
0.01 
- 
- 
0.01 
- 
pAl.JHz 


Channel Separation 
f = 1Hz to 20kHz 
- 
120 
- 
- 
120 
- 
- 
120 
- 
dB 


ELECTRICAL CHARACTERISTICS 
Vs= ±20V lor LF412A,Vs= ±1SVloralloth~rgrades. 
VCM=ov, - SS·C:5TA:512S·Cunless otherwise noted. 


OP·215A 
LF412AM 
LF412M,OP·215C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
- 
0.5 
2.0 
- 
0.7 
2.0 
- 
1.0 
5.0 
mV 


Average Input Offset 
• 
- 
3 
10 
- 
4 
10 
- 
5 
20 
~V/oC 
Voltage Drift 
(Note 3) 
(Note 3) 


los 
Input Offset Current 
Ti = 125°C (Note 1) 
• 
- 
0.8 
8 
- 
0.8 
8 
- 
1.0 
12 
nA 
TA = 125°C, Warmed·Up • 
- 
1.2 
14 
- 
1.2 
14 
- 
1.5 
22 
nA 
Vs=±15V 


Is 
Input Bias Current 
Tj= 125°C(Note 
1) 
• 
- 
±1.5 
±10 
- 
±1.5 
±10 
- 
±1.8 
±15 
nA 


TA = 125°C, Warmed·Up • 
- 
±2.2 
±18 
- 
±2.2 
±18 
- 
±2.7 
±28 
nA 
Vs=±15V 


Input Voltage Range 
OP·215 
• 
± 10.3 
+14.5 
- 
- 
- 
- 
±10.3 
+ 14.5 - 
V 
-11.5 
-11.5 


LF412 
• 
- 
- 
- 
±16 
+19.5 
- 
±11 
+ 14.5 
- 
V 
-16.5 
-11.5 


CMRR 
Common·Mode 
Rejection 
VcM=±16V 
• 
- 
- 
- 
80 
100 
- 
- 
- 
- 
dB 


Ratio 
VcM=±llV 
• 
- 
- 
- 
- 
- 
- 
70 
100 
- 
dB 
VCM= ±10.3V 
• 
82 
100 
- 
- 
- 
- 
80 
100 
- 
dB 


Is 
Supply Current 
• - 
4.2 
6.8 
- 
4.0 
5.6 
- 
4.2 
6.8 
mA 


PSRR 
Power Supply Rejection 
Vs= ±10Vto 
±20V 
• 
- 
- 
- 
80 
100 
- 
- 
- 
- 
dB 
Ratio 
Vs= ±10Vto 
±16V 
• 
80 
100 
- 
- 
- 
- 
78 
100 - 
dB 


AVOl 
Large Signai Voltage Gain 
Rl,,2kO, Vo= 
± 10V 
• 
30 
150 
- 
30 
150 - 
25 
150 - 
V/mV 
Vs= + 15V 


Vo 
Output Voltage Swing 
Rl,,10kO, 
Vs= ± 15V 
• 
±12 
±13 
- 
±12 
±13 
- 
±12 
±13 
- 
V 


EI 


ELECTRICAL CHARACTERISTICS 
Vs= ±20VlorLF412A, Vs= ±1SVlorall.othergrades. 
VCM=ov, O·C:5TA:570·C unless otherwise noted. 


OP·215E 
LF412AC 
LF412C,Op·215G 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
- 
0.4 
1.65 
- 
0.5 
1.45 
- 
0.7 
3.9 
mV 


Average input Offset 
• 
- 
3 
15 
- 
4 
10 
- 
5 
20 
~V/oC 
Voltage Drift 
(Note 3) 
(Note 3) 


los 
Input Offset Current 
T1= 70°C (Note 1) 
• 
- 
0.06 
0.45 
- 
0.06 
0.45 
- 
0.08 
0.65 
nA 
TA = 70°C, Warmed·Up 
• 
- 
0.08 
0.8 
- 
0.08 
0.8 
- 
0.10 
1.2 
nA 
Vs=±15V 


Is 
Input Bias Current 
Tj = 70°C (Note 1) 
• 
- 
±0.12 
±0.7 
- 
±0.12 
±0.7 
- 
±0.14 
±0.9 
nA 


TA = 70°C, Warmed·Up 
• 
- 
±0.16 
±1.4 
- 
±0.16 
± 1.4 
- 
±0.19 
±1.8 
nA 
Vs=±15V 


Input Voltage Range 
OP·215 
• 
±10.3 
+14.5 - 
- 
- 
- 
±10.3 ~~i:; 
- 
V 
-11.5 
- 


LF412 
• 
- 
- 
- 
±16 
+ 19.5 - 
±11 
+ 14.5 - 
V 
-11.5 
-11.5 


CMRR 
Common·Mode 
Rejection 
VCM= ±16V 
• 
- 
- 
- 
80 
100 
- 
- 
- 
- 
dB 
Ratio 
VCM=±llV 
• 
- 
- 
- 
- 
- 
- 
70 
100 
- 
dB 


VCM= ± 10.3V 
• 
80 
100 
- 
- 
- 
- 
76 
100 
- 
dB 


Is 
Supply Current 
• 
- 
4.0 
6.8 
- 
3.8 
5.6 
- 
4.0 
6.8 
mA 


PSRR 
Power Supply Rejection 
Vs= ±10Vto 
±20V 
• 
- 
- 
- 
80 
100 
- 
- 
- 
- 
dB 
Ratio 
Vs= +10Vto 
+16V 
• 
80 
100 
- 
- 
- 
- 
76 
100 - 
dB 


Avol 
Large Signal Voltage Gain 
Rl,,2kO, Vo= ± 10V 
• 
50 
180 
- 
50 
180 - 
35 
180 - 
V/mV 
Vs= ± 15V 


Vo 
Output Voltage Swing 
Rl,,10kO, 
Vs= ± 15V 
• 
±12 
±13 
- 
±12 
+13 
- 
+12 
+13 
- 
V 


The. 
denotes the specifications 
which apply over the full operating 
tern· 


perature range. The shaded electrical 
specifications 
indicate those pal 


rameters which have been improved or guaranteed 
test limits provided for 
the first time. 


Note 1: Input bias and offset currents are specified 
for two different 
condi· 
tions. The T specification 
is with the junction 
at ambient temperature; 
the 


warmed·up specification 
is with the device operating 
in a warmed·up condi· 
tion at the ambient temperature 
specified. 


Nole 2: Gain·bandwidth 
product is not tested. It is guaranteed 
by design 


and by inference from the slew rate measurement. 


Nole 3: The LF412A is 100% tested to this specification. 
All other grades 
are sample tested. 
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Common·Mode Rejection Ratio 
vs Frequency 
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Power Supply Rejection Ratio 
vs Frequency 
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J Package 
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FEATURES 


• Guaranteed 
2nA Max. Input Bias Current 
• Guaranteed 
600~ 
Max. Supply Current 
• Guaranteed 
0.5mV Max. Offset Voltage 
• Guaranteed 
5p.VJOC 
Max. Drift 
• Wide Supply Voltage Range: ± 2V to ± 20V 
• Interchangeable 
with Other Manufacturers' 
LH2108 


• Integrators 
• Transducer Amplifiers 
• Analog Memories 
• Light Meters 


LH2108A 


Operational 
Amplifiers 


The LH2108A series of precision operational amplifiers is 
particularly well suited for high source impedance appli- 
cations requiring low offset and bias currents, 
as well as 
low power dissipation. 
Unlike FET input amplifiers, 
the 
offset and bias currents of the LH2108A do not change 
significantly 
with temperature 
variations. 
Advanced de- 
sign, processing and testing techniques 
make Linear's 
LH21 08A a superior choice over previous devices. 


For higher performance dual amplifiers, 
see the LT1024, 
~ 
LT1002, and LT1013 data sheets. 
••• 


" 
% METAL FILM 


FULL POWER BANDWIDTH =2MHz 
SLEW RATE~SOV/"s 


ABSOLUTEmAXimum 
RATinGS 


Supply Voltage. 
. . . . . . . . . . . . . . . . . . . . . . .. 
± 20V 
Differential Input Current (Note 1) 
±10mA 
Input Voltage (Note 2) 
±15V 
Output Short Circuit Duration 
Indefinite 
Operating Temperature Range 
-55°Cto125°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 
10sec.) 
300°C 


V+(A) 
, 


OUT COMP (AI 
2 


INCOMP(A) 
3 


INVERTING INPUT (A) 
~ 


NONINVfRTlNGINPUT(A) 
5 


v- 
6 


ORDER PART 
NUMBER 


13 
I+ONINVERTING 
INPUT 
(B) 


12 
INVERTING 
INPUT 
(B) 


IIINCOMP(B) 


LH2108AD/883B 
LH2108D/883B 
LH2108AD 
LH2108D 


SYMBOL 
PARAMETER 
CONDITIONS 
LH2108A 
LH2108 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vos 
Input Offset Voltage 
TA = 25°C 
0.3 
0.5 
0.7 
2.0 
mV 
1.0 
3.0 
mV 


t.Vos 
Average Temperature Coefficient 
1.0 
5.0 
3.0 
15 
/lV/DC 


t.Temp 
of Input Offset Voltage 


los 
Input Offset Current 
TA = 25°C 
0.05 
0.2 
0.05 
0.2 
nA 
0.4 
0.4 
nA 


t.los 
Average Temperature Coeffcient 
0.5 
2.5 
0.5 
2.5 
pA/oC 


t.Temp 
of Input Offset Current 


IB 
Input Bias Current 
TA-25°C 
0.5 
2.0 
0.5 
2.0 
nA 
3.0 
3.0 
nA 


AVOL 
Large Signal Voltage Gain 
TA=25°C, 
Vs= ±15V, 
80 
300 
50 
300 
V/mV 
Vour= ± 10V, RL~ 10kO 
40 
25 
V/mV 


CMRR 
Common Mode Rejection Ratio 
96 
110 
85 
100 
dB 


PSRR 
Power Supply Rejection Ratio 
96 
110 
80 
96 
dB 


Input Voltage Range 
Vs=±15V 
±13.5 
±13.5 
V 


Your 
Output Voltage Swing 
Vs= ±15V, RL=10kO 
±13 
±14 
±13 
±14 
V 


R1N 
Input Resistance 
TA=25°C 
30 
70 
30 
70 
MO 


Is 
Supply Current 
TA-25°C 
0.3 
0.6 
0.3 
0.6 
mA 
TA=125°C 
0.15 
0.4 
0.15 
0.4 
mA 


Note 1: Differential input voltages greater than 1V will cause excessive 
current to flow through the input protection diodes unless current limiting 
resistance IS used. 


Note 2: For supply voltages less than ± 15V, the maximum input 
voltage is equal to the supply voltage. For typical performance, see 
LM108A data sheet. 


Feedforward 
Compensation 


C2 
5 pF 


CI~ R~~C~2 


Co=30pF 


• Guaranteed 
Operation at + 1. 2V 
• Op Amp and Reference on Single Chip 
• Low Supply Current 400~ 
• Capable of Floating Mode Operation 
• Low Reference Drift 20ppm/oC 
• Low Offset Voltage 
• Output Swings to Within 15mV of Rails 


• Remote Signal Conditioner /Transmitter 
• 
Battery Operated Instruments 
• 
Precision Current Regulators 
• 
Precision Voltage Regulators 
• Thermocouple Transmitter 


LM10 


Low Power Op Amp 
and Reference 


The LM 10 combines a precision reference, a reference 
buffer amplifier and an independent, 
high quality op amp 
on a single chip. The device is capable of operation from a 
single supply as low as 1.1V, from dual supplies 
up to 
± 20V and typically draws 270~ 
supply current. 
Input 
voltage range for the op amp includes ground, while the 
unloaded output can swing to within 
15mV of each rail. 


Further, the LM10 will deliver 20mA output current and 
still swing within 
±400mV 
of the supply rails. 


With 
its low operating 
current 
and floating 
operation 
capability, 
the LM10 is ideal for two wire analog trans- 
~ 
mitter circuits where the processed signal is carried on 
••• 
the same line used for power. The LM 10 is suggested for 
portable battery powered equipment and is fully specified 
for operation from a single 1.2V battery. Other applica- 
tions include precision current 
and voltage regulators, 


operating 
from very 
low voltages 
to several 
hundred 
volts. 


5V OUT 
TO CMOS 
SYSTEM 


-¥EF 


T1 = STAN COR PCT-39 


D1, D2~1N933 
(GERMANIUM) 


01,02=2N2222A 


R~OUTPUT 
ADJUST 


THIS 1.5V BATTERY, TO 5V OUTPUT DESIGN 
CAN DRIVE LOW POWER CIRCUITRY 
FOR MONTHS. 


25'C 


w~ 
is 
u 
~ 
~ -0,05 


Total Supply Voltage 
LM10/LM10B/LM10C 
45V 
LM 1OBLI LM 1OCL 
7V 
Differential Input Voltage (Note 1) 
LM10/LM10B/LM10C 
±40V 
LM10BL/LM10CL 
± 7V 
Output Short Circuit Duration 
Indefinite 
Operating Temperature Range (Note 2) 
LM10........... 
. .. 
-55°C:sTA:s125°C 
LM10B/LM10BL 
-25°C:sTA:s85°C 
LM10C/LM10CL 
O°C:sTA:s70°C 
Storage Temperature Range. . .. 
- 65°C :sTA :s150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


TOPVIEW 


REFERENCE 
FEEDBACK 


8 


V- 


METALCANH PACKAGE 


REFERENCE 1 
OUTPUT 
OPAMP 
2 
INPUT(-) 


OPAMP 
3 
INPUT(+) 


V- 


ORDER 
PART NUMBER 


LM10H 
LM10BH 
LM10CH 
LM10BLH 
LM10CLH 


LM10CN8 
LM10CLN8 
LM10CJ8 
LM10CLJ8 


LM10J8 
LM10BJ8 
LM10BLJ8 


6 
OPAMP 
OUTPUT 


BALANCE 


SYMBOL 
PARAMETER 
CONOITIONS 
LM10/LM10B 
LM10C 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vos 
Input 
Offset 
Voltage 
03 
2.0 
0.5 
4.0 
mV 
• 
3.0 
5.0 
mV 


t>.Vos 
Average 
Offset 
• 
20 
5.0 
I'V/oC 


t>.Temp 
Voltage 
Drift 


IDS 
Input 
Offset 
Current 
(Note 
4) 
0.25 
07 
OA 
20 
nA 
• 
1.5 
3.0 
nA 


t>.los 
Offset 
Current 
• 
20 
5.0 
pA/oC 


t>.Temp 
Drift 


IB 
Input 
Bias Current 
10 
20 
12 
30 
nA 


• 
30 
40 
nA 


t>.IB 
Bias Current 
Drift 
• 
60 
90 
pA/oC 


t>.Temp 


AVOL 
Large 
Signal 
Vs= 
±20V, 
10UT=0, 
VOUT= 
± 19.95V 
120 
400 
80 
400 
V/mV 
Voltage 
Gain 
• 
80 
50 
V/mV 


Vs= 
± 20V, VOUT= 
± 19AV 


IOUT= 
± 20mA 
50 
130 
25 
130 
V/mV 
IOUT= 
± 15mA 
• 
20 
15 
V/mV 


Vs = ± 0.6V. 
louT = ± 2mA 
VOUT= 
±OAV, 
VCM= 
-OAV 
15 
30 
10 
30 
V/mV 


Vs - 
± 0.65V, 
louT = ± 2mA 


VOUT= ± 0.3V, 
VCM = 
- OAV 
• 
05 
075 
V/mV 


Shunt 
Gain (Note 
5) 
O.lmA:s 
IOUT:S 5mA, 
RL = 1.1 kfl 


12V:s 
VOUT:S 40V 
14 
33 
10 
33 
V/mV 
1.3V:s 
VOUT:S 40V 
• 
6 
6 
V/mV 


0.lmA:slouT:s20mA, 
RL=250fl 


15V:sV+ 
:s40V 
8 
25 
6 
25 
V/mV 


• 
4 
4 
V/mV 


SYMBOL 
PARAMETER 
CONDITIONS 
LM10/LM10B 
LM10C 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


CMRR 
Common-Mode 
Vs= ± 20V 
Rejection Ratio 
- 20V:s VCM:S19.15V 
93 
102 
90 
102 
dB 


- 20V:s VCM:S19V 
• 
87 
87 
dB 


PSRR 
Power Supply 
-0.2V<?V 
<?-39V 
Rejection Ratio 
V+=1.0V 
90 
96 
87 
96 
dB 
V+=l.1V 
• 
84 
84 
dB 


V 
= -0.2V 
1.0V:s V + :S39.8V 
96 
106 
93 
106 
dB 
1.1V:s V + :S39.8V 
• 
90 
90 
dB 


R1N 
Input Resistance 
(Note 6) 
250 
500 
150 
400 
k!1 
• 
150 
115 
k!1 


Is 
Supply Current 
270 
400 
300 
500 
~ 
• 
500 
570 
~ 
t.ls 
Supply Current 
1.2V:s Vs:S 40V 
15 
75 
15 
75 
".A 
Change 
1.3V:s Vs:S 40V 
• 
75 
75 
~ 


SYMBOL 
PARAMETER 
CONDITIONS 
LM10/LM10B 
LM10C 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VREF 
Feedback Sense 
Voltage at Pin 1 with Pin 1 
195 
200 
205 
190 
200 
210 
mV 
Voltage 
Connected to Pin 8 
• 
194 
200 
206 
189 
200 
211 
mV 
t.VREF 
Reference Drift 
• 
0.002 
0003 
%/OC 
t.Temp 


Feedback Current 
Current into Pin 8 
20 
50 
22 
75 
nA 
• 
65 
90 
nA 
Line Regulation 
O:sIREF:slmA, 
VREF=200mV 
1.2V:s Vs:S 40V 
0.001 0.003 
0.001 0.008 
%/V 


1.3V:s Vs:S 40V 
• 
0.001 0.006 
0.001 0.01 
%/V 


Load Regulation 
O:s IREF:slmA 
V+ -VREF<?1.0V 
0.01 
0.1 
0.01 
0.15 
% 


V+ -VREF<?l.1V 
• 
0.01 
0.15 
0.01 
0.20 
% 


Reference Amplifier 
0.2V:s VREF:s35V 
50 
75 
25 
70 
V/mV 
Gain 
• 
23 
15 
V/mV 


SYMBOL 
PARAMETER 
CONOITIONS 
lM10Bl 
lM10Cl 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vos 
Input Offset Voltage 
0.3 
2.0 
0.5 
4.0 
mV 
• 
3.0 
5.0 
mV 


tWos 
Average Offset 
• 
2.0 
50 
p.V/oC 


Il.Temp 
Voltage Drift 


los 
Input Offset Current 
(Note 4) 
0.1 
07 
0.2 
20 
nA 
• 
1.5 
3.0 
nA 


Il.\os 
Otfset Current 
• 
2.0 
5.0 
pA/oC 


Il.Temp 
Drift 


Is 
Input Bias Current 
10 
20 
12 
30 
nA 
• 
30 
40 
nA 


Il.ls 
Bias Current 
Drift 
• 
60 
90 
pA/oC 


Il.Temp 


AVOl 
large 
Signal 
Vs= 
±3.25V, 
10UT=0, 
VOUT= ±3.2V 
60 
300 
40 
300 
V/mV 
Voltage Gain 
• 
40 
25 
V/mV 


Vs = ± 3.25V, 
VOUT= ± 275V 
IOUT= ± 10mA 
10 
25 
5 
25 
V/mV 
• 
4 
3 
V/mV 


lOUT= ± 2mA, VCM = - 0.4V 


Vs = ± 0.6V, VOUT= ± 0.4V 
1.5 
3.0 
1.0 
30 
V/mV 
Vs = ± 0.65V, 
VOUT= ± 0.3V 
• 
0.5 
0.75 
V/mV 


Shunt 
Gain (Note 5) 
O.lmAs 
lOUTS 10mA, 
Rl =500fl 
1.5VsV+ 
s6.5V 
8 
30 
6 
30 
V/mV 
• 
4 
4 
V/mV 


CMRR 
Common-Mode 
Vs= 
± 3.25V 
Rejection 
Ratio 
- 3.25V s V~M s 2.4V 
89 
102 
80 
102 
dB 


-3.25VsVCMS 
2.25V 
• 
83 
74 
dB 


PSRR 
Power Supply 
-0.2V?V 
? 
- 5.4V 
Rejection 
Ratio 
V+ =1.0V 
86 
96 
80 
96 
dB 
V+ =1.2V 
• 
80 
74 
dB 


PSRR 
V 
= -0.2V 
1.0VsV+ 
s6.3V 
94 
106 
80 
106 
dB 
1.lVsV+s6.3V 
• 
88 
74 
dB 


R1N 
Input Resistance 
(Note 6) 
250 
500 
150 
400 
kfl 
• 
150 
115 
kfl 


Is 
Supply 
Current 
260 
400 
280 
500 
p.A 


• 
500 
570 
p.A 


CONDITIONS 
lMl0Bl 
lMl0Cl 
UNITS 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VREF 
Feedback Sense Voltage 
Voltage at Pin 1 with Pin 1 
195 
200 
205 
190 
200 
210 
mV 
Connected to Pin 8 
• 
194 
200 
206 
189 
200 
211 
mV 


.1VREF 
Reference Drift 
• 
0.002 
0003 
%/oC 


.1Temp 


Feedback Current 
Current into Pin 8 
20 
50 
22 
75 
nA 
• 
65 
90 
nA 


line Regulation 
O:s IREF:s0.5mA, VREF=2QOmV 
1.2V:sVs:s6.5V 
0.001 0.01 
0.001 0.02 
%/V 
1.3V:sVs:s6.5V 
• 
0.001 0.02 
0001 
0.03 
%/V 


load Regulation 
O:s IREF:s0.5mA 
V+ -VREF" 
1.0V 
0.01 
0.1 
0.01 
0.15 
% 


V+-VREF>l.lV 
• 
0.01 
0.15 
0.01 
0.20 
% 


Reference Amplifier Gain 
0.2V:s VREF:s5.5V 
30 
70 
20 
70 
V/mV 
• 
20 
15 
V/mV 


The. 
denotes the specifications which apply over futl operating temper- 


ature range. 


Note 1: The input voltage can exceed the supply voltages as long as the 
voltage from the input to any other terminal does not exceed the max- 
imum differential voltage, and the maximum junction temperature is not 
exceeded due to the excess power dissipation that occurs when the input 
voltage is less than the negative supply voltage. 


Note 2: The maximum operating junction temperatures are: 150°C for 
the lMl0; 
100°C for the lM10B and lMl0Bl; 
and 85°C for the lMl0C 
and lM 1OCl. Package derating factors will be found on the back page of 
this data sheet. 


Note 3: These specifications apply for the following conditions unless 
otherwise noted: 


at 25°C 
over temperature 


(a) V - :sVCM:sV + - 0.85V 
V - :sVCM:sV + -1.0V 
(b) 1.2V :sVs :sVMAX 
1.3V :sVs :sVMAX 


VREF=0.2V and 0:sIREF:sl.0mA 
where VMAX=40V for the lMl0, 


lMl0B 
and lMl0C 
and VMAX=6.5V for the lMl0Bl 
and lMl0Cl. 
The 
specifications do not include errors due to thermal gradients (Tl ~20ms), 
die heating (T2~0.2 
sec) or package heating. 


Note 4: For TJ >90°C, 
los may exceed 1.5nA when VCM= V -. When 


the common-mode input voltage is within 100mV of the negative supply 
and TJ= 125°C, the offset current will be less than 5nA. 


Note 5: Shunt gain defines the operation in floating applications when 
the output is connected to the V+ terminal and input common-mode is 
referred to V - (see typicai applications). The effects of larger output 
voltage swing with higher load resistance can be accounted for by adding 
the positive suppiy rejection error. 


Note 6: 
Guaranteed by design. 
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With heavy amplifier 
loading to V- , resistance drops in 
the V- lead can adversely 
affect reference regulation. 


Lead resistance can approach 
10. Therefore, 
the com- 
mon to the reference circuitry 
should be connected 
as 
close as possible to the package. 
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The LM101A and LM107 are general purpose oper- 
ational amplifiers, featuring low bias current and the 
ability to operate with high input differential voltages 
up to 30 Volts. Unlike many FET input amplifiers, the 
output of the LM101A1107 does not reverse if the 
common mode range is exceeded, making them par- 
ticularly useful in comparator and oscillator circuits. 


• 30 Volt Differential Input Range 
• 
75 nA Input Bias Current 
• Wide Common Mode Voltage Range 


• Signal Conditioning Amplifiers 
• Voltage Followers 
• 
Comparators 


The LM101A uses external compensation, allowing 
the frequency response and slew rate to be optimized 
for the application. The LM107 is identical to the 
~ 
LM101Awith the exception that the compensation ca- 
••• 
pacitor is internal. Linear's LM101A and LM107 in- 
clude improved design and processing techniques 
resulting in superior long term stability and reliability 
over previous devices. The curve of bias current ver- 
sus differential input voltage indicates that a minimal 
change in input current occurs over a wide range of 
input signal, which is important in many applications. 


~ 
40 
~ 
:z 
~ 
20 


=> 
co~ 
~ 
0 
;;; 


-1 
-0.1 
0 
0.1 
10 


DIFFERENTIAL 
INPUT VOLTAGE (V) 


• L 1 - 
ELDEMA 1869 


R1 ~ 
R2 


Cl ~ C2 
1~_1_ 


2~ R2Cl 


LM 101 A/LM301 A 
LM107/LM307 


ABSOLUTE mAXimum 
RATinGS 


Supply Voltage 
LM101A/LM107 
±22Volts 
LM301A/LM307 
.. . . . . . . . .. .. 
± 18 Volts 
Differential Input Voltage. . . . . . . . . . . .. 
± 30 Volts 
Input Voltage, Note 2 
± 15 Volts 
Output Short Circuit Duration, Note 3. . . .. 
Indefinite 
Operating Temperature Range 
LM101A/LM107 
-55°C 
to 125°C 
LM301A/LM307 
O°Cto 
70°C 
Maximum Junction Temperature 
LM101A/LM107 
150°C 
LM301A/LM307 
100°C 
Storage Temperature Range 
All Devices 
-65°Cto 
150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 


PACKAGE/ORDER InFORmATiOn 


4 
v- 
METAL CAN H PACKAGE 


'PINS 
1, 5, B NO CONNECTIONON LM1071307 


TOP VIEW 


BAUCOMP' 
18 
B 
COMpo 


- 
IN 2 
_ 
7 
V+ 


+IN3 
+ 
BOUT 


V-4 
5 
BAL' 


JB PACKAGE 
HERMETICalP 


'PINS 
1, 5, B NO CONNECTIONON LM1071307 


LM101AH 
LM301AH 
LM107H 
LM307H 


LM101AJ8 
LM301AJ8 
LM107J8 
LM307J8 


ELECTRICALCHARACTERISTICS(note 
1) 


LM101A1LM107 
LM301A1LM307 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
Rs ,. 
50Kll, 
TA 
~ 
25°C 
0.7 
2.0 
2.0 
7.5 
mV 
Rs ,. 
50Kll 
• 
3.0 
10 
mV 


::'Vos 
Average 
Temperature 
Coefficient 


::. Temp 
of Input Offset Voltage 
Rs ,. 
50Kll 
• 
3.0 
15 
6.0 
30 
I'vrc 


105 
Input Offset Current 
TA 
~ 
25°C 
1.5 
10 
3.0 
50 
nA 
• 
20 
70 
nA 


::'Ios 
Average 
Temperature 
Coefficient 


::. Temp 
of Input Offset Current 
25°C,. 
TA 
,. 
T MAX 
0.01 
0.1 
0.01 
0.3 
nA/oC 
T MIN 
,. 
TA 
,. 
25°C 
0.02 
0.2 
0.02 
0.6 
nAloC 


Ie 
Input 
Bias Current 
TA 
~ 
25°C 
30 
75 
70 
250 
nA 
• 
100 
300 
nA 


AVOL 
Large Signal 
Voltage 
Gain 
TA 
~ 
25°C, Vs ± 15V, Your - 
± 10V, RL 
'" 
2Kll 
50 
160 
25 
160 
Vim V 
Vs = ± 15V, VOUT 
~ 
± 10V, 


RL", 
2Kll 
• 
25 
15 
Vim V 


CMRR 
Common 
Mode Rejection 
Ratio 
Rs ,. 
50Kll 
• 
80 
96 
70 
90 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
Rs ,. 
50Kll 
• 
80 
96 
70 
96 
dB 


Input Voltage 
Range 
Vs ~ 
±20V 
• 
± 15 
V 


Vs ~ 
± 15V 
J • 
+15 
± 12 
+15 
V 


-13 
-13 
V 


Your 
Output 
Voltage 
Swing 
Vs ~ 
± 15V RL 
~ 
10Kll 
• 
±12 
±14 
± 12 
±14 
V 
RL 
- 
2Kll 
• 
±10 
± 13 
+ 10 
+ 13 
V 


RIN 
Input 
Resistance 
TA 
~ 
25°C 
1.5 
4.0 
0.5 
2.0 
Mil 


Is 
Supply 
Current 
TA 
~ 
25°C. Vs ~ 
±20V 
1.8 
3.0 
1.8 
3.0 
mA 
TA 
~ 
125°C, Vs ~ 
±20V 
• 
1.2 
2.5 
mA 


The. 
denotes the specifications 
which apply over the full operating 
temperature 
range. 
Nole 1: Unless otherwise noted; all measurements are made with 
unity gain compensation 
(C1 = 30pf for the LM 101A1301A); these 
specifications 
apply for ±5V 
.;; Vs .;; ±20V 
for the LM101AI 
LM107; and ±5V 
.;; Vs .;; ± 15V for the LM301A/LM307. 


Note 2: For supply voltages less than ± 15 Volts, the maximum input 
voltage is equal to the supply voltage. 
Note 3: The output may be shorted to ground or either power supply 
indefinitely, 
provided the case temperature 
is below 125°C for the 
LM101A/107 
and below 70°C for the LM301A1307. 
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30pf) 
C" 
Rt ~ 
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(30Pf) 
:: 


.,[ 
ii 
c, ~ •• "" :,,,, '" 
c 1 = 
30pF 
for unity gain stability. At gains 
C, 
~ 
30pf 
C2 
= 
1Oe, 
for unit gain. At 
R4 


above 1 frequency response can be maximized 
gains above 
1, frequency 
response can be 


10k 


by decreasing C,. 
maxmzed 
by decreasing C, and C2. 
-=- 
150 pf 
C2 needed 
for stability. 


Open Loop Frequency Response 
Open Loop Frequency Response 
Open Loop Frequency Response 
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Pulse Response 
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Voltage Gain 
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lM107 
Open loop Frequency Response 
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lM107 
Voltage Follower Pulse Response 
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TYPICAL APPLICATiOnS 


Standard Compensation 
Fast Summing Amplifier 


and Offset Balancing Circuit 


low Frequency Square Wave Generator 


Rl 
1M 


LOW IMPEDANCE 
OUTPUT 


CLAMPED OUTPUT 


C2 
C1 


300PF 
30 pF 


Rl 
10k 


• Cl FOR LM107 
ONLY 


FOR LM 107, THERE ARE NO INTERNAL 
CONNECTIONS TO PINS 1, 5 ANO 8 


H Package 


Metal Can 


J8 Package 


8 Lead Hermetic Dip 
0 


51 
0310 
0220 


.1 
4 
~t 


OOSSMAX 


0405 
MAX 


0005 •.•• tj, 
I 
, 


" 
II 
II 
II 
t 
\~ 
---I 
0"-15" 
---I...- O.015TYP 


0.320 --J 
0.008 
0.290 


-r 
0.150 
••• 
----.L 


JLO.023TYP 
0.014 


• 
Integrators 
• 
Transducer amplifiers 
• 
Analog memories 
• 
Light meters 


A photodiode sensor application is shown below. For ~ 
applications requiring higher performance, see the 
~ 
LT1008, and LT1012. 


I 
- 


BIAS 
-"- 


r-..... +-.. 
OFFSET 


I 


~ 
1.0 


~ 
05 


12 
0 
:::>u 
~ 
0.15 


~ 
0.10 


0.05 


o 
-~-~-~ 
5 
~ 
~ 
~ 
~ 
1~1~ 


TEMPERATURE 
('C) 


C1 
1100PF 


LM 108A/LM308A 
LM 108/LM308 


ABSOLUTE mAXimum 
RAJInGS 


Supply Voltage 
LM108A/LM108 
±20V 
LM308A/LM308 
. .. .. . . .. .. . . 
± 18V 
Differential Input Current (Note 1) 
± 10mA 
Input Voltage (Note 2). . . . . . . . . . . . . . . . . .. 
± 15V 
Output Short Circuit Duration 
" 
Indefinite 
Operating Temperature Range 
LM108A1LM108 
-55°C 
to 125°C 
LM308A/LM308 
O°Cto 70°C 
Storage Temperature Range 
All Devices 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


PACKAGE/ORDER InFORmATiOn 


TOP VIEW 


COMP 


2 
LM108AH 
LM108H 
LM308AH 
LM308H 


COMP1 


-IN 


+IN 
v- '88 COMP2 
2 
7 
v+ 


3 
:;: 
6 
OUT 


4 
5 
NC 


LM308AN8 
LM308N8 


LMlO8A 
LMlO8 
SYM80L 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
TA 
~ 
25°C 
0.3 
0.5 
0.7 
2.0 
mV 
• 
to 
3.0 
mV 
~ 
Average 
Temperature 
Coefficient 


~TemD 
of Input Offset Voltage 
• 
to 
5.0 
3.0 
15 
/LVrC 


los 
Input Offset Current 
TA 
- 
25°C 
0.05 
0.2 
0.05 
0.2 
nA 
• 
0.4 
0.4 
nA 


~Ios 
Average 
Temperature 
Coefficient 


~Temp 
of Input Offset Current 
• 
0.5 
2.5 
0.5 
2.5 
pAloC 


IB 
Input 
Bias Current 
TA 
~ 
25°C 
0.5 
2.0 
0.5 
2.0 
nA 
• 
3.0 
3.0 
nA 


AVOL 
Large Signal 
Voltage 
Gain 
TA 
- 
25°C, Vs ± 
15V. 
80 
300 
50 
300 
V/mV 
Your = + 10V, RL ;;> 10kn 
• 
40 
25 
V/mV 


CMRR 
Common 
Mode Rejection 
Ratio 
• 
96 
110 
85 
100 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
• 
96 
110 
80 
96 
dB 


Input Voltage 
Range 
Vs - 
± 
15V 
• 
± 13.5 
+ 13.5 
V 


Your 
Output 
Voltage 
SWing 
Vs ~ 
± 
15V, RL = 10kn 
• 
±13 
±14 
±13 
±14 
V 


RIN 
Input 
Resistance 
TA 
- 
25°C 
(Note 
3) 
30 
70 
30 
70 
Mn 


Is 
Supply 
Current 
TA 
- 
25°C 
0.3 
0.6 
0.3 
0.6 
mA 
TA 
~ 
125°C 
0.15 
0.4 
0.15 
0.4 
mA 


LM 108A/LM308A 
LM 108/LM308 


LM308A 
LM308 
SYM80L 
PARAMETER 
COIlOITIOIlS 
Mill 
TVP 
MAX 
Mill 
TVP 
MAX 
UIlITlt 


Vas 
Input Offset Voltage 
TA = 25°C 
0.3 
0.5 
2.0 
7.5 
mV 
• 
0.73 
10 
mV 
~ 
Average Temperature Coefficient 


<lTemo 
of Input Offset Voltage 
• 
2.0 
5.0 
6.0 
30 
/J.V/oC 


105 
Input Offset Current 
TA 
~ 
25°C 
0.2 
1.0 
0.2 
1.0 
nA 
• 
1.5 
1.5 
nA 
~ 
Average Temperature Coefficient 


<lTemp 
of Input Offset Current 
• 
2.0 
10 
2.0 
10 
pA/oC 


IB 
Input Bias Current 
TA 
~ 
25°C 
1.5 
7.0 
1.5 
7.0 
nA 
• 
10 
10 
nA 
AwL 
Large Signal Voltage Gain 
TA = 25°C. Vs ± 
15V, 
80 
300 
25 
300 
V/mV 
Your ~ + 10V,RL;;. 10kO 
• 
60 
15 
V/mV 
CMRR 
CommonMode Rejection Ratio 
• 
96 
110 
80 
100 
dB 
PSRR 
PowerSupply Rejection Ratio 
• 
96 
110 
80 
96 
dB 
Input Voltage Range 
Vs = ± 
15V 
• ±14 
±14 
V 


Your 
Output Voltage Swing 
Vs ~ 
± 
15V RL~ 10kO 
• ± 13 
±14 
±13 
±14 
V 


R'N 
Input Resistance 
TA 
~ 
25°C (Note 3) 
10 
40 
10 
40 
MO 
Is 
Supply Current 
TA 
~ 
25°C 
0.3 
0.8 
0.3 
0.8 
mA 


The. 
denotes the specifications 
which apply over the fUll operating 
temperature 
range. 


For MIL·STD components, please refer to LTC 883 data sheet for test 
listing and parameters. 
Not. 1: Differential 
input voltages greater than 1V will cause 
excessive current 
to flow through 
the input protection 
diodes unless 
current 
limiting 
resistance 
is used. 


Not. 2: For supply voltages 
less than ± 15V. the maximum 
input 
voltage is equal to the supply voltage. 
Note 3: Guaranteed by design. 


Rl Co 
C, ~ Rl + R2 
c," 
Co - 
30 pF 


•• 
BANOWIDTH 
AND 
SLEW 
RATE 
ARE 
PROPORTIONAL 
TO 11 C, 


Feedforward 
Compensation 
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LM 108A/LM308A 
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TYPICAL PERFORmAnCE 
CHARACTERISTICS 
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LM 108A/LM308A 
LM 108/LM308 
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Closed Loop Output Impedance 
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* In addition 
to increasing 
speed, 


the LM101A 
raises high and low 


frequency gain, increases output 
drive capability 
and eliminates 


thermal 
feedback. 


• Power Bandwidth: 
250 KHz 
Small Signal 
Bandwidth: 
3.5 MHz 
Slew Rate: 10V I ~S 


tC5 ~ 6 x ~,O-' 
R4 
1M 
1'11> 


Differential Input Instrumentation 
Amplifier 


R2 
R3 
R4 
lk 
1k 
100k 


0.1'11> 
0.1'11> 
0.1'11> 


• Teflon, polyethylene 
or 
polycarbonate 
dielectric 
capacitor. 


Worst case drift 
less than 2.5 mV Isec. 


C1· 
I l~F 


C2 


Il°OPF 


C1 
1100PF 


-=- 
R1 - 
R4; R2 
- 
R3 


Av-l+'!! 
R2 


Input guarding 
Input guarding is used to reduce surface leakage. 
Guarding both sides of the board is required. Bulk 
leakage reduction is less and depends on the guard 
ring width. 
__ 


v+ 
I~ 
\./ 


OUTPUT's 
7 
, 


).~ 


The guard ring is connected to a low impedance point 
at same potential as the sensitive input leads. Connec- 
tions for various op amp configurations 
are shown 
below. 


LM 108A/LM308A 
LM 108/LM308 


Input protection 
Current is limited by R2 even when input is connected 
to a voltage source outside the common mode range. If 
one supply reverses, current 
is controlled 
by R1. 


These resistors do not affect normal operation. 


The input resistor controls the current when the input 
exceeds the supply voltages, when the power for the 
op amp is turned off, or when the output is shorted. 


Offset Voltage Test Circuit t 


R1 
5Ok· 


• 
RESISTORS 
MUST 
HAVE 
LOW THERMOELECTRIC 
POTENTIAL 


Av ~ 
1000 


t THIS 
CiRCUIT 
is ALSO USED AS THE BURN·IN 
CONFIGURATION 
WITH 
SUPPLY 
VOLTAGES 
EQUAL 
TO ±2DV, R1=R3=10k, 
R2=2DOO. Av=100. 


LM 108A/LM308A 
LM 108/LM308 


SCHEmATIC DIAGRAm 


H Package 
Metal Can 
N8 Package 
8 Lead Plastic 


f:~~'" 
m"'i 


'.0<0 
w.x 
0185 
L 
0.0500165 
"'" 
~ 


0.010 
SEATJ«> 
0,150 
"~ •• 00 
0 
00 ~ 
'j 
0:0;0""-11- 
" 


oOJ.t 
~ 
OlOOSSCo 
0ii27~ 
0021, 
IWlTYP 


• Guaranteed 1.0mV Max. Input Offset Voltage 
• 
Guaranteed 100,000 
Min. Gain 
• 
Guaranteed 50V/pS Slew Rate 
• 
Guaranteed 20nA Max. Input Offset Current 
• 
15MHz Bandwidth 
• Unity Gain Stable 


• Wideband Amplifiers 
• 
High Frequency Absolute Value Circuits 
• 
DIA Converter Amplifiers 
• 
Fast Integrators 


LTl18A/LT318A 
LM118/LM318 


High Speed 
Operational Amplifier 


The LT118A is an improved version of the industry stand- 
ard LM118. The LT118A features lower input offset volt- 
age, lower input offset currents, 
higher gain and higher 
common mode and power supply 
rejection. 
Because of 
these enhancements, 
the LT118A will improve the accu- 
racy of most applications. 
Unlike many wideband amplifi- 


ers, the LT118A is unity gain stable and has a slew rate of 
50V/pS. 
When used in inverting 
amplifier 
applications, 


feedforward 
compensation 
can be used to achieve slew 
~ 
rates 
in 
excess 
of 
150V/pS. 
Linear 
Technology 
••• 
Corporation's 
advanced processing techniques 
make the 
LT118A an ideal choice for high speed applications. 


LTl18A/LT318A 
LMl18/LM318 


ABSOLUTEmAXimum 
RATinGS 


Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . .. 
± 20V 
Differential Input Current (Note 1) . . . . . . . . .. 
± 10mA 
Input Voltage (Note 2) 
±20V 
Output Short Circuit Duration 
Indefinite 
Operating Temperature 
Range 
LT118A/LM118 
-55°Ct0125°C 
LT318A/LM318 
O°Ct070°C 
Storage Temperature 
Range 
All Devices 
-65°Cto 
150°C 
Lead Temperature (Soldering, 
10sec.) 
300°C 


TOP VIEW 


COMP 
2 


8 


4 


V-ICASE) 


METAL CAN H PACKAGE 


LT118AH 
LM118H 
LT318AH 
LM318H 


LT118AJ8 
LM118J8 
LT318AJ8 
LM318J8 
LT318AN8 
LM318N8 


SYMBOL 
PARAMETER 
CONDITIONS 
LT11BA 
LMllB 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vos 
Input Offset Voltage 
0.5 
1 
2 
4 
mV 
• 
1 
2 
6 
mV 


los 
Input Offset Current 
6 
20 
6 
50 
nA 
• 
10 
30 
100 
nA 


IB 
Input Bias Current 
120 
250 
120 
250 
nA 
• 
500 
500 
nA 


R1N 
Input Resistance 
1 
3 
1 
3 
M!l 


Av 
Large Signal Voltage Gain 
Vs= ± 15V, VOUT= 
± 10V, RL" 
2k!l 
100 
500 
50 
200 
V/mV 
• 
100 
25 
V/mV 


SR 
Slew Rate 
Vs= ± 15V. Av=l 
50 
70 
50 
70 
VIpS 


GBW 
Gain Bandwidth Product 
Vs= ± 15V 
15 
15 
MHz 


Output Voltage Swing 
Vs= ± 15V, RL =2k!l 
• 
±12 
±13 
±12 
±13 
V 


Input Voltage Range 
Vs= ± 15V 
• 
±11.5 
±11.5 
V 


Is 
Supply Current 
5 
8 
5 
8 
mA 
TA=125°C 
4.5 
7 
4.5 
7 
mA 


CMRR 
Common Mode Rejection 
• 
86 
100 
80 
100 
dB 
Ratio 


PSRR 
Power Supply Rejection Ratio 
• 
86 
100 
70 
80 
dB 


LT 118A/LT318A 
LMl18/LM318 


SYMBOL 
PARAMETER 
CONDITIONS 
LT318A 
LM318 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vos 
Input Offset Voltage 
0.5 
1 
4 
10 
mV 
• 
2 
15 
mV 


los 
Input Offset Current 
10 
20 
30 
200 
nA 
• 
30 
750 
nA 


IB 
Input Bias Current 
150 
250 
150 
500 
nA 
• 
500 
750 
nA 


RIN 
Input Resistance 
0.5 
3 
05 
3 
MU 


Av 
Large Signal Voltage Gain 
Vs= ±15V, VOUT= ±10V, 
RL,,2kU 
100 
500 
25 
200 
V/mV 
• 
100 
20 
V/mV 


SR 
Slew Rate 
Vs= ± 15V, Av=l 
50 
70 
50 
70 
V/p.S 


GBW 
Gain Bandwidth Product 
Vs= ± 15V 
15 
15 
MHz 


Output Voltage Swing 
Vs= ± 15V, RL =2kU 
• 
±12 
±13 
±12 
±13 
V 


Input Voltage Range 
Vs= ± 15V 
• 
± 11.5 
±11.5 
V 


Is 
Supply Current 
5 
10 
5 
10 
mA 


CMRR 
Common Mode Rejection 
• 
86 
100 
70 
100 
dB 


Ratio' 


PSRR 
Power Supply Rejection Ratio 
• 
86 
100 
65 
80 
dB 


The • 
denotes those specifications which apply over the fUll operating 


temperature range. 


The shaded electrical specifications indicate those parameters which have 
been improved or guaranteed test limits provided for the first time. 


Note 1: The inputs are shunted with back-to-back zeners for overvoltage 
protection. Excessive current will flow if a differential voltage greater than 
5V is applied to the inputs. 


III 


Note 2: For supply voltages less than ± 15V, the maximum input voltage is 
equal to the supply voltage. 


Note 3: These specifications apply for ± 5V :5Vs:5 ± 20V. The power sup- 
plies must be bypassed with a O.lI'F or greater disc capacitor within 4 
inches of the device. 


Input Current 


200 
150 


100 


~ 
50 
11: 
•... 
8 
~~ 


I 
Vs=±15V 
l- t--- 
BIAS 


OFFSJ 


o 
-55 -35 -15 
5 
25 45 
65 
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TEMPERATURE 
1°C) 


12JoC 


~ - 
- 
-55°C 


Power Supply Rejection 
120 
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it~ 40 
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lOOk 
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FREQUENCY 
1Hz) 


Open Loop Frequency 
Response 
Unity Gain Bandwidth 
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24 
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'" 
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:i 
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~ 
z 
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•• 
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'" 
20 
45 
~ 
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12 
§ 


10 


-20 
0 
10 
100 
lk 
10k 
lOOk 
1M 
10M 
100M 
-55 
-35 
-15 
5 
25 
45 
65 
85 
105 
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FREOUENCY (Hz) 
TEMPERATURE (·CI 


Large Signal Frequency 
Response 


14 


12 


;;- 
10 


-H 


'"z 
~ 
•... 
~5 


TA-25·C 
" 


Vs=±15V 
\ 
\ 
\ 


- 


Open Loop Frequency 
Response 
Voltage Follower Slew Rate 


130 
Vs- 
±15V 
Rs=R,=10kO 
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C,=5pF 
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.........r- 


NEGATIVE SLEW 
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60 


-55 
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TEMPERATURE (·C) 


o 
0.5M 
1M 
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20M 
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Large Signal Frequency 
Response 
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Pulse Response of 
Feedforward Inverter 
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60 
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40 
~ 


Feedforward Compensation for 
Slew Rates of 150V / p.S 


Input Noise Voltage 


3000 


_ 
300 


~i 100 
w 
'"isz 
30 


Closed Loop Output Impedance 
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2JC 
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I 


SS·C 
T 


12J.C 
--- 


z 
0 
~ 
80 
~ 
w 
60 
00:E 
z 
40 
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Current 
Limiting 


16 
f..-. 


2SlC" 


12S·C 


LT118A Input Current 


300 


[ 
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w 
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~ -100 
~ 
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;;- 
-H 


'" 
10 
z! 
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-300 


-9 
-6 
-3 
0 
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DIFFERENTIAL 
INPUT VOLTAGE IV) 


OUTPUT 


loon 
T_ 
Cl 
10pF 


Overcompensation 
for 
Increased 
Stability 


LT118A/LT318A 
LMl18/LM318 


SETTLInG TimE CIRCUITS 


INPUT 
10k 
±10V 


Alternate Compensation for 
Improved Settling Time 


III 
5V/OIV 
~ 
> 
~ 
2: 
5mV/OIV 


Because of their wider bandwidth, 
the LT118Aand LM118 
operational amplfiers 
require more application 
care than 
most general purpose low frequency 
amplifiers. 
One of 
the most critical 
requirements 
is that power supplies 
should be bypassed with a 0.1J.lF (or larger) disc ceramic 
capacitor within an inch of the device. Also, stray capaci- 
tance at either the input or output can cause oscillation. 
While input capacitance can be compensated by placing a 
capacitor across the feedback resistor, load capacitance 
must be minimized 
or isolated as shown. Even the 50pF 
input 
capacitance 
of a 1X scope probe can alter the 
response of the device. 


Settling time, an important parameter in many high speed 
amplifier 
applications, 
is difficult 
to measure and opti- 


mize. Settling time is very' 'application 
dependent" 
and 
is influenced 
by external 
components, 
layout and the 
amplifier. 
In general, the settling time to 0.01 % can be 
minimized by using a circuit similar to that shown. In ad- 
dition to the compensation network shown, a capacitor is 
needed across the feedback resistor to minimize ringing. 


Power supply bypassing can also affect settling time. The 
amplifier has low power supply rejection ratio at high fre- 
quencies, 
so transients 
and ringing on the supply leads 
can appear at the output. 
Large (22J.lF) solid tantalum 
capacitors are preferred to minimize supply aberrations. 


LTl18A/LT318A 
LMl18/LM318 


FULL 
POWER 
BANDWIDTH 
= 2M Hz 


SLEW 
RATE = SOV I~ec 


SETTLING 
(10V 
STEPI~12", 
TO 0.01% 


BIAS CURRENT 
OC~30pA 


OFFSET 
ORIFT=O.3#,V/oC 


OFFSET 
VOLTAGE ~ 30.V 


LTl18A/LT318A 
LMl18/LM318 


H Package 
Metal Can 


if 


-(::~~~D7A::~~:I- 


I..•.. 
0.305-0.335 -I 
(7747-8509) 


0.040 
D1A 


(1.0161~'-0'0-50-----. 


MAX 
(1.2701 
0.165-0.185 


I 
t 
MAX 
(4.191-4.699) 
t 
-- 
• 
t 


SEATlNG~t_ 
GAUGE' 


PLANE t 
- 
- 
--t-PLANE 
0.500-0.750 


0.010-0.045 
DO 
0 
DD 
/12.70.'9,05) 


(0.254-1.143) 
II 
0.016-0.021 
I~- 
~10406,~~.5331 


WTYP 
./ >/'--- 002'-0.045 


/ 


O.D27-0.034~b 
(0.686-1.143) 


(0.686-0.864) 
8'0 
2 


fE 


o ~GLASS 
, 
, 
o 
0 
-CL 


6 
I 
o 
0 


504 


J8 Package 
8 Lead Hermetic 
DIP 
D 


5-t 
0.220-0.310 
(5.588-7.814) 


.1 
4 
+ 
J Loos5 


(1.397) 


MAX 


1 
-,~o4::ll 
0.200 
MAX 


(5.0801 
0,015-0.060 
0005 


MfX 
103B'-1"5241~-1O:1171 
.l- 
MIN 
I -= 
~ 


0.125-0.200 
t 
I 
~ 
t~:~~~) 
13.175-5.080) 
MIN 
t 
J Ijt 
0.030-0OTO 
t 
0.100 
(0.762-1.778) 


-- 
_ 
TYP 


(2B~~~) 
0.014-0.023 
(0.356-0.584) 


TYP 


N8 Package 
8 Lead Plastic 
CJ'~ 
- 
0.240-0.280 


5 
• _1-=:1"12 


1 


J Lo.04o 
0."" 
(1.016) MAX 
(1.524) 
so 
0.370-0.400 
~ 
l--f9.400_10.161:t 
10;;'~'lm':~::' 
t 


MI • 
.---- 
0.155-0.175 
(3.937-4.445) 


t 
-:-:T 


0.125-0.130 
~ 
~ 
t 
11 
12.92,.,.6831 
t 
JJjt 0.030-0.060 
0100 
10.762-1.524) 


-'- 
TYP 


(~~~) 
0.014-0.023 


TYP 
(0.356-0.584) 


TYP 


'R' 


, 
, 


" 
II 
I' 
II 
II 
" 
-...../ too..,," j':" 
0.006-0.015 
(0.203-0.381) 


TYP 


0.290-0.320 
.• 


(7.366-8.128) 


'R_ 


70 


±5 


0 


, 
, 
, 
, 


" 
I 
" 
" 
-rtoo ..". t" 
0.008-0.015 
(0.203-0.381) 


TYP 


0.290-0.310 
(7.366-7.874) 


• 4mVTyp. Input Offset Voltage 
• Guaranteed 25,000Min. Gain 
• Guaranteed 50V/p.sSlew Rate 
• 30nATyp.lnput Offset Current 
• 15MHzBandwidth 
• Unity Gain Stable 


• Wideband Amplifiers 
• High Frequency Absolute Value Circuits 


• 
D/A Converter Amplifiers 
• Fast Integrators 


LM318S8 


High Speed 
Operational 
Amplifier 


The LM318 is a high speed, unity gain stable operational 
amplifier designed for applications requiring high slew 
rate and wide bandwidth. Although the device is internally 
compensated for unity gain operation, external compensa- 
tion can be added for increased stability in reduced band- 
width applications. With a single capacitor, the 0.1% 
settling time is reduced to under 1p.s.Feedforward com- 
pensation can be used in inverting applications 
to in· 
crease slew rate to over 150V/p.sand almost double the 
~ 
bandwidth. 
••• 


Supply Voltage 
±20V 
Differential Input Current (Note 1) 
± 10mA 
Input Voltage (Note 2) 
± 20V 
Output Short Circuit Duration 
Indefinite 
Operating Temperature Range 
O°Cto 70°C 
Storage Temperature Range 
- 65°C to 150°C 


Lead Temperature (Soldering, 10sec.) 
300°C 


ORDER 
PART NUMBER 


LM318S8 


PART MARKING 


318 


LM318 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
4 
10 
mV 
• 
15 
mV 


los 
Input Offset Current 
30 
200 
nA 
• 
300 
nA 


Ie 
Input Bias Current 
150 
500 
nA 
• 
750 
nA 


R1N 
Input Resistance 
0.5 
3 
MO 


Av 
LargeSignal Voltage Gain 
Vs= ± 15V,Vour= ± 10V, RL,,2kO 
25 
200 
V/mV 
• 
20 
V/mV 


SR 
Slew Rate 
Vs= ±15V,Av=1 
50 
70 
V/~s 


GBW 
Gain Bandwidth Product 
Vs= ±15V 
15 
MHz 


Output Voltage Swing 
Vs= ± 15V, RL =2kO 
• 
±12 
±13 
V 
Input Voltage Range 
Vs=±15V 
• 
±11.5 
V 


Is 
Supply Current 
5 
10 
mA 


CMRR 
Common-Mode Rejection Ratio 
• 
70 
100 
dB 


PSRR 
Power Supply Rejection Ratio 
• 
65 
80 
dB 


The. 
denotes those specifications 
which apply over the full operating 
temperature range. 


Note 1: The inputs are shunted with back-to-back zeners for overvoltage 
protection. Excessive current will flow if a differential voltage greater than 
5V is applied to the inputs. 


Note 2: For supplyvol1ages less than ± 15V,the maximum input voltage is 
equal to the supply voltage. 


Note 3: These specifications 
apply for ± 5V""Vs"" ± 20V.The power sup· 


plies must be bypassed with a O.l~F or greater disc capacitor within 4 
inches of the device. 


• 
Guaranteed max. O.5JlV1°C Drift 
• 
Guaranteed max. O.6JlVpk-pk Noise 
• 
Guaranteed max. 2nA Bias Current 
• 
Guaranteed minimum 114dB CMRR 


• Strain Gauges 
• Thermocouple Amplifiers 
• 
Instrumentation Amplifiers 
• 
Medical Instruments 


OP-05 


Operational Amplifier 


The OP-05 is an internally 
compensated op-amp 
which provides excellent input offset voltage, low bias 
current, very high common mode rejection, and low 
offset voltage drift with temperature when the input 
offset voltage is externally trimmed to zero. Direct re- 
placement of similar devices in existing systems can 
result in significant system performance improvement 
without redesign. The OP-05is particularly well suited 
for instrumentation and low signal level applications 
where precision and stability over time and tempera- 
2 


ture are important. Internal frequency compensation 
enhances the OP-05's versatility for a wide variety of 
precision op-amp uses. Linear's advanced design, 
process and test techniques ensure device perfor- 
mance as well as reliability. An instrumentation ampli- 
fier 
application 
is 
shown 
below. 
For 
higher 
performance requirements seethe LT1001 single pre- 
cision op amp and the LT1002 dual matched precision 
op amp series. 
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2.5V1.5eC 
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--- 
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Trimmed Offset Voltage with Temperature of Six 
Representative Units 


(Offset Trimmed to Zero at 25°C with 20kfl Pot) 
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TEMPERATURE 1°C) 


PACKAGE/ORDER InFORmATion 


Supply Voltage. . . . . . . . . . . . . . . . . . . . . . .. 
± 22V 
Differential Input Voltage. . . . . . . . . . . . . . .. 
± 30V 
Input Voltage Equal to Supply Voltage 
Output Short Circuit Duration. . . . . . . . . .. 
Indefinite 
Operating Temperature Range 
OP-05/0P-05A 
-55°C 
to 125°C 
OP-05E/OP-05C 
0°Cto70°C 
Storage Temperature Range 
All Devices 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 


OFFSET 
ORDER PART NO. 
VOLTAGE 
MAX 


OP-05AH 
• O.15mV 
OP-05H 
O.5mV 


4 
OP-05EH 
O.5mV 


v- 
OP-05CH 
1.3mV 


METAL CAN H PACKAGE 


TOP VIEW 
.'",B~.. 
OP-05AJ8 
O.15mV 


AOJUST 1. 
8 AOJUST 
OP-05J8 
O.5mV 


-IN 
2 
- 
7 
V+ 
OP-05EJ8 
O.5mV 


+IN 
3 
+ 
6 
OUT 
OP-05CJ8 
1.3mV 
v- 
4 
5 
NC 
OP-05EN8 
O.5mV 


HERMETlCJ8 PACKAGE 
OP-05CN8 
1.3mV 


PlASTIC DIP N8 PACKAGE 


oP-05A 
OP-05 
SYMBOL 
PARAMETER 
ColIolTlolIS 
Mill 
TVP 
MAX 
Mill 
TVP 
MAX 
UIIITS 


Vos 
Input Offset Voltage 
0.07 
0.15 
0.2 
0.5 
mV 


...E..L 
long 
Term Input Offset Voltage 


~Time 
Stability 
(Notes 1 and 2) 
0.2 
1.0 
0.2 
1.0 
,N/Month 


los 
Input Offset Current 
0.7 
2.0 
1.0 
2.8 
nA 
IB 
Input Bias Current 
+0.7 
+2.0 
+1.0 
+3.0 
nA 


en 
Input Noise Voltage 
O.lHz to 10Hz (Note 2) 
0.35 
0.6 
0.35 
0.6 
"Vo-. 


Input Noise Voltage 
Density 
10 = 10Hz 
10.3 
18.0 
10.3 
18.0 
nVlVHz 
f. ~ 
100Hz 
(Note 2) 
10.0 
13.0 
10.0 
13.0 
f. ~ 
1000Hz 
9.6 
11.0 
9.6 
11.0 


in 
Input Noise Current 
O.lHz to 10Hz (Note 2) 
14 
30 
14 
30 
pAo-. 


Input Noise Current 
Density 
f. ~ 
10Hz 
0.32 
0.80 
0.32 
0.80 
pAlVHz 
I. ~ 
100Hz 
(Note 2) 
0.14 
0.23 
0.14 
0.23 
f. = 1000Hz 
0.12 
0.17 
0.12 
0.17 


R'n 
Input Resistance 
Differential 
Mode 
(Note 3) 
30 
80 
20 
60 
Mn 


Input Resistance 
Common Mode 
200 
200 
Gn 


Input Voltage 
Range 
+13.5 
+14.0 
+ 13.5 
+ 14.0 
V 


CMRR 
Common Mode Rejection 
Ratio 
VCM= ± 13.5V 
114 
126 
114 
126 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
Vs ~ 
±3Vto 
±18V 
100 
108 
100 
108 
dB 


AVOl 
Large Signal Voltage Gain 
Rl 2: 2kn, Vo - 
± 10V 
300 
500 
200 
500 
Rl 2: 50on, Vo ~ 
± 0.5V 
150 
500 
150 
500 
V/mV 
Vs = +3V 
(Note 3) 


Your 
Maximum 
Output Voltage 
Swing 
Rl 2: 10kn 
± 12.5 
± 13.0 
±12.5 
±13.0 
Rl 2: 2kn 
±12.0 
± 12.8 
± 12.0 
± 12.8 
V 
Rl 2: lkn 
+ 10.5 
+ 12.0 
+10.5 
+ 12.0 


SR 
Slew Rate 
Rl > 2kn (Note 2) 
0.1 
0.3 
0.1 
0.3 
VI"S 
GBW 
Closed Loop Bandwidth 
AVCl ~ + 1 (Note 2) 
0.4 
0.6 
0.4 
0.6 
MHz 
Z. 
Open Loop Output 
Impedance 
Vo = 0, 
10 = 0, f = 10Hz 
60 
60 
n 


Pd 
Power Dissipation 
No load 
90 
120 
90 
120 
mW 
Vs ~ 
± 3V, No load 
4 
6 
4 
6 


Offset Adjustment 
Range 
Null Pot - 
20kn 
+4 
+4 
mV 


OP-05A 
OP-05 


SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
0.10 
0.24 
0.3 
0.7 
mV 
~ 
Average 
Input Offset Voltage 
Drilt 


ATemp 
Without 
External 
Trim 
• 
0.3 
0.9 
0.7 
2.0 
p.V/oC 
With 
External 
Trim 
Null Pot = 20kn 
(Note 2) 
• 
0.2 
0.5 
0.3 
1.0 


los 
Input Offset Current 
• 
1.0 
4.0 
1.8 
5.6 
nA 
~ 
Average 
Input Offset Current 
Drift 
(Note 2) 
• 
5 
25 
8 
50 
pArC 


ATemp 


la 
Input Bias Current 
• 


+1.0 
+4.0 
+2.0 
+6.0 
nA 


Ala 
Average 
Input Bias Current 
Drift 
(Note 2) 
• 
8 
25 
13 
50 
pArC 


ATemp 


Input Voltage 
Range 
• 
± 13.0 
±13.5 
± 13.0 
± 13.5 
V 


CMRR 
Common 
Mode Rejection 
Ratio 
VCM 
~ 
+ 13V 
• 
110 
123 
110 
123 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
Vs = ±3Vto 
±18V 
• 
94 
106 
94 
106 
dB 


AvoL 
Large Signal 
Voltage 
Gain 
RL ~ 
2kn, V, ~ 
± 10V 
• 
200 
400 
150 
400 
V/mV 


Your 
Output 
Voltage 
SWing 
RL ~ 
2kn 
• 
±12.0 
± 12.6 
±12.0 
±12.6 
V 


OP·05E 
OP·05C 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
0.2 
0.5 
0.3 
1.3 
mV 


AVos 
Long Term Input Offset Voltage 
ATime 
Stability 
(Notes 
1 and 2) 
0.3 
1.5 
0.4 
2.0 
I.vtMonlh 


los 
Input Offset Current 
1.2 
3.8 
1.8 
6.0 
nA 


la 
Input Bias Current 
+1.2 
+4.0 
+1.8 
+7.0 
nA 


en 
Input Noise Voltage 
0.1Hz to 10Hz (Note 2) 
0.35 
0.6 
0.38 
0.65 
p.V~n 


Input Noise Voltage 
Density 
I, = 10Hz 
10.3 
18.0 
10.5 
20.0 
nV/v'Hz 
I, = 100Hz 
(Note 2) 
10.0 
13.0 
10.2 
13.5 
I, ~ 1000Hz 
9.6 
11.0 
9.8 
11.5 


in 
Input 
Noise Current 
0.1Hz to 10Hz (Note 2) 
14 
30 
15 
35 
pAo-, 


Input Noise Current 
Density 
I, = 10Hz 
0.32 
0.80 
0.35 
0.90 
pAlv'Hz 
I, = 100Hz 
(Note 2) 
0.14 
0.23 
0.15 
0.27 
f, ~ 
1000Hz 
0.12 
0.17 
0.13 
0.18 


R,n 
Input Resistance 
Differential 
Mode 
(Note 3) 
15 
50 
8 
33 
Mn 


Input Resistance 
Common Mode 
160 
120 
Gn 


Input Voltage 
Range 
+ 13.5 
+ 14.0 
+13.5 
+14.0 
V 


CMRR 
Common 
Mode Rejection 
Ratio 
VCM - 
+ 13.5V 
110 
123 
100 
120 
dB 
PSRR 
Power Supply 
Rejection 
Ratio 
Vs = ±3V 
to ± 18V 
94 
106 
90 
104 
dB 
AvoL 
Large Signal 
Voltage 
Gain 
RL ~ 
2kn, Vo ~ 
±10V 
200 
500 
120 
400 
RL ~ 
5000, Vo = 
± 0.5V 
150 
500 
100 
400 
V/mV 
Vs ~ 
± 3V (Note 3) 


Your 
Maximum 
Output 
Voltage 
SWing 
RL ~ 
10kn 
± 12.5 
± 13.0 
± 12.0 
± 13.0 
RL ~ 
2kn 
± 12.0 
± 12.8 
±11.5 
± 12.8 
V 
RL> 
1kn 
+ 10.5 
+12.0 
+12.0 


SR 
Slew Rate 
RL ~ 
2kn (Note 2) 
0.1 
0.3 
0.1 
0.3 
V/p.S 


GBW 
Closed Loop Bandwidth 
AvcL - 
+ 1 (Note 2) 
0.4 
0.6 
0.4 
0.6 
MHz 
Z. 
Open Loop Output 
Impedance 
Vo = 0, 10 = 0, 1 ~ 
10Hz 
60 
60 
n 


Pd 
Power Dissipation 
No load 
90 
120 
95 
150 
mW 
Vs ~ 
± 3V, No load 
4 
6 
4 
8 
Offset Adjustment 
Range 
Null Pot - 
20kn 
+4 
+4 
mW 


OP-05E 
OP-05C 
SYMBOL 
PARAMETER 
COIIOITIOIIS 
Mill 
TYP 
MAX 
Mill 
TYP 
MAX 
UIIITS 


Vos 
Input Offset Voltage 
• 
0.25 
0.6 
0.35 
1.6 
mV 


~ 
Average 
Input Offset Voltage 
Drift 


Ii. emp 
Without 
External 
Trim 
• 
0.7 
2.0 
1.3 
4.5 
/lVrC 
With 
External 
Trim 
Null Pot - 
20kll 
(Note 2) 
• 
0.2 
0.6 
0.4 
1.5 


los 
Input 
Offset Current 
• 
1.4 
5.3 
2.0 
8.0 
nA 
~ 
Average 
Input Offset Current 
Drift 
(Note 2) 
• 
8 
35 
12 
50 
pAloC 


Ii.Temp 


18 
Input Bias Current 
• 
+1.5 
+5.5 
+2.2 
+9.0 
nA 
2!L. 
Average 
Input 
Bias Current 
Drift 
(Note 2) 
• 
13 
35 
18 
50 
pAloC 


Ii.Temp 


Input Voltage 
Range 
• 
± 13.0 
±13.5 
± 13.0 
±13.5 
V 


CMRR 
Common 
Mode Rejection 
Ratio 
VCM ~ 
±13V 
• 
107 
123 
97 
120 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
Vs ~ 
±3Vto 
±18V 
• 
90 
103 
86 
100 
dB 


AVOL 
Large Signal 
Voltage 
Gain 
RL > 2kll. 
V, = + 10V 
• 
180 
450 
100 
400 
VlmV 


VOUT 
Output 
Voltage 
Swing 
RL> 
2kll 
• 
± 12.0 
+ 12.6 
±11.0 
+ 12.6 
V 


The. 
denotes the specifications 
which apply over the full operating 
temperature 
range. 


11018 1: Long term offset voltage stability 
is the average value of 
offset voltage vs. time plolted over extended periods following 
30 
days of operation. 
Values for time under 30 days of operation are 
typically 
2.5p.V following 
the first hour of operation. 


11018 2: This parameter 
is sample tested. 


11018 3: This parameter 
is guaranteed 
by design. 


Low Frequency Noise 
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Input Bias Current vs 
Differential Input Voltage 
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Maximum Error vs 
Source Resistance 


Output Short-Circuit 
Current vs Time 


Ollset Nulling and Low 
Frequency Noise Test Circuit 


* RESISTORS MUST HAVE 


LOW THERMOELECTRIC 


POTENTIAL 


NOTES: 


1) RC APPROXIMATELY 10Hz FILTER 


2) OBSERVE OUTPUT FOR 10 SECONOS 


Ai - 
25000 


t This circuit is also used as the burn-in configuration 
with supply voltages changed to ± 20V, R1= R3= 10k, 
R2=2000, 
Av=100. 


Application 
Tip 


When the OP-05 is used as a replacemenl 
" 725. 
10B/10BA, 
30B/30BA 
applicalions. 


removal of exlernal compensalion 
~ oplional. 
For convenlionally 
",lied 
741 type appIl· 


cations, 
external trimming should be removed. Care should be taken to aYOid thermo- 


couple voltages 
caused 
by temperature 
variations between 
the input terminals or 


dissimilar metals. 


op-os 


Vo 


FOR MAXIMUM CMRR, 
:~ 
~ 
:~ 


FOR THIS CONDITION, 


[ 
R4J[ 
R2 
R2+R3J 


Vo~V. 
R3 
1 +"""R1 
+-R-5- 


Y2... 
_ 
210 FOR VALUES SHOWN 


V. 


*ADJUST R1 FOR CMRR, THEN 


AOJUST R5 FOR GAIN ACCURACY. 


R5 OOES NOT AFFECT CMRR. 


H Package 


Metal Can 


J8 Package 


8 Lead Hermetic Dip 


N8 Package 


8 Lead Plastic 
D 
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• 
Guaranteed 25jJ.Vmax. Offset Voltage 
• 
Guaranteed O.6jJ.V1°C max. Offset Voltage 
Drift with Temperature 
• 
Excellent 1.0jJ.VIMonth max. Long Term Stability 
• 
Guaranteed O.6jJ.Vp_pmax. Noise 
• 
Guaranteed 2.0nA max. Input Bias Current 


• Thermocouple Amplifiers 
• Strain Gauge Amplifiers 
• Low Level Signal Processing 
• Medical Instrumentation 


OP-07 
Precision Operational 
Amplifier 


The OP-07 offers excellent performance in applica- 
tions requiring low offset voltage, low drift with time 
and temperature and very low noise. Linear's OP-07 is 
interchangeable with many of the precision op-amp 
device types. The OP-07 also offers a wide input volt- 
age range, high common mode rejection and low input 
bias current. These features result in optimum perfor- 
mance for small signal level and low frequency appli- 
cations. Use of advanced design, processing and 
testing techniques make Linear's OP-07 a superior 
choice over similar products. A buffered reference ap- 
~ 
plication is shown below. For single op amp applica- 
••• 
tions requiring higher performance, see the LT1001 
and for matched dual precision applications see the 
LT1002. 


Offset Voltage Drift With Temperature 


Of Representative Units 
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~ 
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~ 
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~ 
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~ 
-20 


-30 


-40 


-50 


-75 
-25 


Supply Voltage. . . . . . . . . . . . . . . . . . . . . . .. 
±22V 
Differential Input Voltage. . . . . . . . . . . . . . .. 
± 30V 
Input Voltage Equal to Supply Voltage 
Output Short Circuit Duration. . . . . . . . . .. 
Indefinite 
Operating Temperature Range 
OP-07/0P-07A 
-55°C 
to 125°C 
OP-07E/OP-07C 
O°Cto70°C 
Storage Temperature Range 
All Devices. . . . . 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 


PACKAGE/ORDER InFORmATiOn 


TOP VIEW 


Vas 
Vas 


TRIM 118- 
8 
TRIM 
-IN 
2 
7 
V+ 


+IN 
3 
+ 
6 
OUT 


v- 
4 
5 
NC 


HERMETIC 
DIP J8 PACKAGE 


PLASTICo()IP 
N8 PACKAGE 


OP-07AH 
OP-07H 
OP-07EH 
OP-07CH 


OP-07AJ8 
OP-07J8 
OP-07EJ8 
OP-07CJ8 
OP-07EN8 
OP-07CN8 


OFFSET 
VOLTAGE 
(MAX) 


25/J.V 
75/J.V 
75/J.V 
150/J.V 


25/J.V 
75/J.V 
75/J.V 
150/J.V 
75/J.V 
150/J.V 


OP·OlA 
OP-O? 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vas 
Input Offset Voltage 
(Note 
1) 
10 
25 
30 
75 
p.V 
~ 
Long Term Input Offset Voltage 


~Time 
Stability 
(Notes 2 and 3) 
0.2 
1.0 
0.2 
1.0 
p.VlMonth 


los 
Input Offset Current 
0.3 
2.0 
0.4 
2.8 
nA 
IB 
Input 
Bias Current 
+0.7 
+2.0 
±1.0 
±3.0 
nA 


en 
Input 
Noise Voltage 
O.IHz to 10Hz (Note 2) 
0.35 
0.6 
0.35 
0.6 
p.V~" 


Input 
Noise Voltage 
Density 
I, ~ 
10Hz 
10.3 
18.0 
10.3 
18.0 
nV/VHz 
I, ~ 
100Hz 
(Note 2) 
10.0 
13.0 
10.0 
13.0 
I, = 1000Hz 
9.6 
11.0 
9.6 
11.0 


in 
Input 
Noise Current 
O.IHz to 10Hz (Note 2) 
14 
30 
14 
30 
pAo-, 


Input 
Noise Current 
Density 
I, = 10Hz 
0.32 
0.80 
0.32 
0.80 
pAlVHz 
I, ~ 
100Hz 
(Note 2) 
0.14 
0.23 
0.14 
0.23 
I, ~ 
1000Hz 
0.12 
0.17 
0.12 
0.17 


Rin 
Input 
Resistance 
Differential 
Mode 
(Note 4) 
30 
80 
20 
60 
Mn 


Input 
Resistance 
Common 
Mode 
200 
200 
Gn 


Input Voltage 
Range 
+13.5 
+ 14.0 
+13.5 
+ 14.0 
V 


CMRR 
Common 
Mode Rejection 
Ratio 
VCM - 
+13V 
110 
126 
110 
126 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
Vs = + 3V to + 18V 
100 
108 
100 
108 
dB 


AVOl 
Large Signal 
Voltage 
Gain 
Rl '" 2kn, Va ~ 
± 10V 
300 
500 
200 
500 
Rl '" 
soon, 
Va ~ 
± 0.5V 
150 
400 
150 
400 
V/mV 
Vs ~ 
+ 3V (Note 4) 


Your 
Maximum 
Output 
Voltage 
Swing 
Rl '" 
10kn 
±12.5 
± 13.0 
±12.5 
± 13.0 


Rl '" 2kn 
±12.0 
± 12.8 
±12.0 
± 12.8 
V 
Rl> 
lkn 
+ 10.5 
+ 12.0 
+ 10.5 
+ 12.0 


SR 
Slew Rate 
Rl > 2kn (Note 4) 
0.1 
0.25 
0.1 
0.25 
V/p.S 


GBW 
Closed Loop Bandwidth 
Am 
~ + 1 (Note 4) 
0.4 
0.6 
0.4 
0.6 
MHz 
Z, 
Open Loop Output 
Impedance 
Va - 
0, 
10 
- 
0,1 = 10Hz 
60 
60 
n 
P, 
Power Dissipation 
Vs - 
± 15V 
75 
120 
75 
120 
mW 
Vs ~ 
+3V 
4 
6 
4 
6 


Offset 
AdjUstment 
Range 
Null Pot - 
20kn 
+4 
+4 
mV 


OP-07A 
OP-07 


SYMBOL 
rAMMETER 
COMDITlOMS 
MIM 
TYP 
MAX 
MIM 
TYP 
MAX 
UMITS 


Vos 
Input Offset Voltage 
(Note 1) 
• 
25 
60 
60 
200 
/lV 


~ 
Average 
Input Offset Voltage 
Drift 
A emp 
Without 
External 
Trim 
• 
0.2 
0.6 
0.3 
1.3 
/lV/oC 
With External 
Trim 
Null Pot = 
20kll 
(Note 2) 
0.2 
0.6 
0.3 
1.3 


los 
Input Offset Current 
• 
0.8 
4.0 
1.2 
5.6 
nA 
~ 
Average 
Input Offset Current 
Orlft 
(Note 2) 
• 
5 
25 
8 
50 
pArC 


ATemp 


IB 
Input Bias Current 
• 
+1.0 
+4.0 
+2.0 
+6.0 
nA 


~ 
Average 
Input Bias CurrBnt 
Drift 
(Note 2) 
• 
8 
25 
13 
50 
pAloC 


A emp 


Input Voltage 
Range 
• 
+ 13.0 
±13.5 
+13.0 
+13.5 
V 


CMRR 
Common 
Mode Rejection 
Ratio 
VCM ~ 
+ 13V 
• 
106 
123 
106 
123 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
Vs = 
+3V 
to ± 18V 
• 
94 
106 
94 
106 
dB 


AwL 
Large Signal 
Voltage 
Gain 
RL > 2kll, 
V. = 
+ 10V 
• 
200 
400 
150 
400 
V/mV 


Your 
Output 
Voltage 
Swing 
RL> 
2kll 
• 
+12.0 
+ 12.6 
+ 12.0 
+ 12.6 
V 


OP-07E 
OP-07C 
SYMBOL 
rAMMETER 
COMDITlOMS 
MIM 
TYP 
MAX 
MIM 
TYP 
MAX 
UMITS 


Vos 
Input Offset Voltage 
(Note 1) 
30 
75 
60 
150 
/lV 


~ 
Long Term Input Offset Voltage 
A 
Ime 
Stability 
(Notes 2 and 3) 
0.3 
1.5 
0.4 
2.0 
/lV/Month 


los 
Input Offset Current 
0.5 
3.8 
0.8 
6.0 
nA 


IB 
Input Bias Current 
+1.2 
±4.0 
+1.8 
+7.0 
nA 


en 
Input Noise Voltage 
O.lHz to 10Hz (Note 2) 
0.35 
0.6 
0.35 
0.65 
/lV •.• 


Input Noise Voltage 
Density 
I.- 
10Hz 
10.3 
18.0 
10.5 
20.0 
nV/VHz 
I.~ 100Hz 
(Note 2) 
10.0 
13.0 
10.2 
13.5 
I. = 
1000Hz 
9.6 
11.0 
9.8 
11.5 


In 
Input Noise Current 
O.lHz to 10Hz (Note 2) 
14 
30 
15 
35 
pAD-' 
Input Noise Current 
Oenslty 
I.~ 10Hz 
0.32 
0.80 
0.32 
0.90 
pAlVHz 
1.= 
100Hz 
(Note 2) 
0.14 
0.23 
0.15 
0.27 
I. = 1000Hz 
0.12 
0.17 
0.13 
0.18 


Rift 
Input Resistance 
Differential 
Mode 
(Note 4) 
15 
50 
8 
33 
Mil 


Input Resistance 
Common Mode 
160 
120 
Gll 


Input Voltage 
Range 
±13.5 
+14.0 
+13.0 
+14.0 
V 


CMRR 
Common 
Mode Rejection 
Ratio 
VCM ~ 
+ 13V 
106 
123 
100 
120 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
Vs = 
+3V 
to ± 18V 
94 
106 
90 
104 
dB 


AwL 
Large Signal 
Voltage 
Gain 
RL 2: 2kll, 
Vo = 
± 10V 
200 
500 
120 
400 
RL 2: 5OOll, Vo = 
± 0.5V 
150 
400 
100 
400 
V/mV 
Vs = 
+ 3V (Note 4) 


Vo 
Maximum 
Output Voltage 
SWing 
RL 2: 10kll 
±12.5 
±13.0 
± 12.5 
±13.0 
RL 2: 2kll 
±12.0 
±12.8 
±11.5 
±12.8 
V 
RL> 
lkll 
+10.5 
+ 12.0 
+12.0 


SR 
Slewing 
Rate 
RL > 2kll 
(Note 2) 
0.1 
0.25 
0.1 
0.25 
V//lS 


GBW 
Closed Loop Bandwidth 
AyCL = + 1 (Note 2) 
0.4 
0.6 
0.4 
0.6 
MHz 
Z. 
Open Loop Output 
Impedance 
Vo = 
0, 10 = 
0, 1 ~ 
10Hz 
60 
60 
II 


Pd 
Power Oisslpatlon 
Vs ~ 
±15V. 
75 
120 
80 
150 
mW 
Vs = 
+3V. 
4 
6 
4 
8 
mW 


Offset Adjustment 
Range 
Null Pot = 20kll 
+4 
+4 
mV 


OP-07E 
OP-07C 


SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
45 
130 
85 
250 
/fV 


AVos 
Average Input Offset Voltage Drift 


ATemp 
Without External Trim 
• 
0.3 
1.3 
0.5 
1.8 
/tvrc 
With External Trim 
Null Pot = 20kll (Note 2) 
0.3 
1.3 
0.4 
1.6 


los 
Input Offset Current 
• 
0.9 
5.3 
1.6 
8.0 
nA 


Alos 
Average Input Offset Current Drift 
(Note 2) 
• 
8 
35 
12 
50 
pArC 


Il.Temp 


IB 
Input Bias Current 
• 
+1.5 
+5.5 
+2.2 
+9.0 
nA 


AIB 
Average Input Bias Current Drift 
(Note 2) 
• 
13 
35 
18 
50 
pArC 


ATemp 


Input Voltage Range 
• + 13.0 
+ 13.5 
+ 13.0 
+ 13.5 
V 
CMRR 
CommonMode Rejection Ratio 
VCM = +13V 
• 
103 
123 
97 
120 
dB 
PSRR 
PowerSupply Rejection Ratio 
Vs - 
+ 3V to + 18V 
• 
90 
104 
86 
100 
dB 


AVOL 
large Signal Voltage Gain 
RL> 2kll, Vo - 
+ 10V 
• 
180 
450 
100 
400 
V/mV 
VOUT 
Output Voltage Swing 
RL> 2kll 
• + 12.0 
+ 12.6 
+ 11.0 
+ 12.6 
V 


The. 
denotes the specifications 
which apply over full operating 
temperature 
range. 


For MIL-Sm 
components, 
please refer to LTC 883C data sheet for test 
listing and parameters. 


Notl 1: Offset voltage for the OP-07 A is measured 60 seconds after 
power is applied. All other grades are measured with high speed test 
equipment, 
approximately 
1 second after power is applied. 


Notl 2: This parameter 
is tested on a sample basis only. 


Noll 3: Long term Input Offset Yoltage Stability 
refers to the 
averaged trend line of Yos versus Time over extended periods after 
the first 30 days of operation. 
Excluding 
the initial 
hour of operation, 


changes in Yos during the first 30 operating 
days are typically 
2.5!J.Y. 


Noll 4: This parameter 
is guaranteed 
by design. 


Noll 5: The OP-07D is available 
by special request. 
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Offset Nulling and Low 
Frequency Noise Test Circuit 


* RESISTORS MUST HAVE 


LOW THERMOELECTRIC 


POTENTIAL 


CI 
4.7~F 


NOTES: 


1) RC APPROXIMATELY ,OHz FILTER 


2) OBSERVE OUTPUT FOR 10 SECONDS 


Ai ~ 
25000 


t This circuit 
is also used as the burn-in 
configuration 
with supply 
voltages 
changed 
to ±20V, R1=R3=10k, 


R2=200n, 
Av=100. 


Application Tip: 


When the OP-07 is used as a replacement 
in 725, 1081108A, 308/308A applications. 


removal of external compensation 
is optional. For conventionally 
nulled 7 411ype 
appli- 


cations, 
external trimming shook:! be removed. 
Care should taken 10 avoid thermocou· 
P'e~tages 
caused 
by ten,>erah.we 
'Iaria\ioM 
between 
the inpu\ telfninal'$ 
oc db~ 


metals. 
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• Guaranteed 150/LVmax. Offset Voltage 
• Guaranteed 1.8/LVJOCmax. Offset Voltage Drift with 
Temperature 
• Excellent 2.0/LV/Month max. Long Term Stability 
• Guaranteed O.65/LVp-pmax. Noise 
• Guaranteed 7nA max. Input Bias Current 


• Thermocouple 
Amplifiers 
• Strain Gauge Amplifiers 
• 
Low Level Signal Processing 
• 
Medical Instrumentation 


OP-07CS8 


Precision Operational 
Amplifier 


The OP·07 offers excellent 
performance 
in applications 
reo 
quiring low offset voltage, low drift with time and tempera· 
ture and very low noise. Linear's OP·07 is interchangeable 
with 
many of the precision 
op amp device 
types. 
The 
Op·07 also offers 
a wide input voltage 
range, high com- 
mon-mode rejection 
and low input bias current. These fea- 
tures result in optimum 
performance 
for small signal level 
and low frequency 
applications. 
Use of advanced design, 


processing 
and testing techniques 
make Linear's OP-07 a 
•• 
superior 
choice 
over similar 
products. 
A buffered 
refer- 
••• 
ence application 
is shown below. For single op amp ap· 
plications 
requiring 
higher 
performance 
in 
the 
SO 
package, see the LT1001CS8. 


Long Term Stability of Four 
Representative Units 


Supply Voltage 
± 22V 
Differential Input Voltage 
± 30V 
Input Voltage Equal to Supply Voltage 
Output Short Circuit Duration 
Indefinite 
Operating Temperature Range 
O°Cto 70°C 
Storage Temperature Range 
All Devices 
, 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


ORDER PARTNUMBER 


OP-07CS8 


OP·07Csa 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
(Note 1) 
60 
150 
~V 


tNos 
Long Term Input Offset Voltage Stability 
(Notes 2 and 3) 
0.4 
2.0 
~V/Month 


.6Time 


los 
Input Offset Current 
0.8 
6.0 
nA 


IB 
Input Bias Current 
±1.8 
±7.0 
nA 


en 
Input Noise Voltage 
O.lHz to 10Hz (Note 2) 
0.35 
0.65 
~Vp·p 


Input Noise Voltage Density 
fo= 10Hz 
10.5 
20.0 
nV/.JHz 
fo= 100Hz 
(Note 2) 
10.2 
13.5 
nV/.JHz 
fo= 1000Hz 
9.8 
11.5 
nVl.JHz 


In 
Input Noise Current 
O.lHz to 10Hz (Note 2) 
15 
35 
pAp-p 


Input Noise Current Density 
fo= 10Hz 
0.32 
0.90 
pAl.JHz 
fo= 100Hz 
(Note 2) 
0.15 
0.27 
pAl.JHz 
fo= 1000Hz 
0.13 
0.18 
pAl.JHz 


Rin 
Input Resistance Differential Mode 
(Note 4) 
8 
33 
MO 


Input Resistance Common-Mode 
120 
GO 


Input Voitage Range 
±13.0 
±14.0 
V 


CMRR 
Common-Mode Rejection Ratio 
VCM= ±13V 
100 
120 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= ±3Vto 
±18V 
90 
104 
dB 


AVOL 
Large Signal Voltage Gain 
RL=2kO, Vo= ± 10V 
120 
400 
V/mV 
RL=5OOll, Vo= ±0.5V 
100 
400 
V/mV 
Vs= ±3V(Note4) 


Va 
Maximum Output Voltage Swing 
RL= 10kO 
±12.5 
±13.0 
V 
RL~2kO 
±11.5 
±12.8 
V 
RL~lkO 
+12.0 
V 


SR 
Slewing Rate 
RL~2kO (Note 2) 
0.1 
0.25 
VI~s 


GBW 
Closed Loop Bandwidth 
AvoL= + 1(Note 2) 
0.4 
0.6 
MHz 


z" 
Open Loop Output Impedance 
Vo=O, 
10=0, 
f = 10Hz 
60 
0 


Pd 
Power Dissipation 
Vs=±15V 
80 
150 
mW 
Vs= ±3V 
4 
8 
mW 


Offset Adjustment Range 
Null Pot = 20kO 
±4 
mV 


OP·07Csa 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
• 
85 
250 
~V 


~ 
Average Input Offset Voltage Drift 


6Temp 
Without External Trim 
• 
0.5 
1.8 
~V/oC 
With External Trim 
Null Pot = 20kO(Note 2) 
0.4 
1.6 
~VloC 


los 
Input Offset Current 
• 
1.6 
8.0 
nA 
~ 
Average Input Offset Current Drift 
(Note 2) 
• 
12 
50 
pAJoC 


6Temp 
IB 
Input Bias Current 
• 
:t2.2 
:t9.0 
nA 


~ 
Average Input Bias Current Drift 
(Note 2) 
• 
18 
50 
• pAJoC 


6Temp 


Input Voltage Range 
• 
:t13.0 
:t13.5 
V 


CMRR 
Common·Mode Rejection Ratio 
VCM= :t13V 
• 
97 
120 
dB 


PSRR 
Power Supply Rejection Ratio 
Vs= :t3Vto 
:t18V 
• 
86 
100 
dB 


AVOL 
Large Signal Voltage Gain 
RL~2kO, Vo= :tl0V 
• 
100 
400 
V/mV 


Vour 
Output Voltage Swing 
RL~2kO 
• 
:tll.0 
:t12.6 
V 


The. 
denotes specifications 
which apply over the full operating tempera- 
ture range. 


Note 1: Offset voltage is measured with high speed test equipment, ap- 
proximately 1 second after power is applied. 


Note 2: This parameter is tested on a sample basis only. 


Note 3: Long Term Input Offset Voltage Stability refers to the averaged 
trend line of Vos versus Time over extended periods after the first 30 days of 
operation. Excluding the initial hour of operation, changes in Vos during the 
first 30 operating days are typically 2.5~V. 


Note 4: This parameter is guaranteed by design. 


• Improved 
Specifications 
Compared 
to 
LF155/ 156 Devices 
• Guaranteed Low Offset Voltage 
• Guaranteed Low Offset Drift 
• Guaranteed 
Bias Current Fully 
Warmed-Up over Temperature 
• OP-15: LF156 Speed with LF155 Power Dissipation 
Guaranteed 
Supply Current 
4mA Max. 


Guaranteed Slew Rate 
10V/pS Min. 
·OP-16: 


Guaranteed 
Faster Slew Rate 
18V/ j.ts Min. 
No High Frequency Oscillation at Cold 
Temperatures 
• No Phase Reversal when 
Negative 
Common-Mode 
Limit is Exceeded 


500j.tVMax. 
5j.tV/oC Max. 


APPLICATions 


• Long Term Precision Integration 
• Current to Voltage Conversion 
• Medical Instrumentation-CAT 
Scanner 
• High Speed, Precision Sample and Hold 


OP-15/0P-16 


Precision, High Speed JFET-Input 
Operational 
Amplifiers 


DESCRIPTiOn 


The OP-15/ 16 series devices feature distinct advantages 
over other J FET-input operational amplifiers, 
in particular 
compared to LF155/ 156 types. 


The OP-15 has the speed of the LF156 design with the 
low power dissipation of the slower LF155. The OP-16 is 
considerably faster. Both devices offer offset voltages as 
low as O.5mV, with guaranteed drift of 5j.tV/oC. 
Input 
bias current at 125°C is just a few nanoamperes. 


Other manufacturers' 
OP-15/16 
(and LF155/156) 
ex- 
hibit phase reversal at the output when the negative 
•• 
common-mode limit at the input is exceeded; Le., driving 
••• 
from 
-12V 
to -15V 
with ± 15V supplies. 
This can 
cause lock-up in servo systems. As shown in the applica- 
tion section, 
Linear Technology's 
OP-15/16 
does not 
have this problem due to unique phase reversal protec- 
tion circuitry. 


In addition, 
Linear's 
OP-16 is free from high frequency 
oscillation 
problems 
at cold temperatures, 
as is il- 
lustrated 
in the' 
'Voltage 
Follower Small Signal Pulse 
Response" 
photo. 
For applications 
requiring 
higher 
performance, see the LT1022, LT1055 and LT1056 data 
sheets. 


INPUT 


LTlOO9 
2.5V 


DELAY = 25Dns 


• = 1% FILM 
RESISTOR 
-.f = HP5D82-281D 


Voltage Follower Small Signal Pulse Response 
TA= -55°C 


CL =1DDpF 


VERTICAL SCALE = 20mV I OIV 


HORIZONTAL SCALE=O.2,.s/DIV 


ABSOLUTEmAXimum 
RATinGS 
Supply Voltage 
A, B, E, F Grades. . . . . . . . . . . . . . . . . . . . .. 
± 22V 
C, GGrades 
± 18V 
Internal Power Dissipation 
500mW 
Operating Temperature Range 
A, B, CGrades 
- 55°C to 125°C 
E, F,GGrades 
O°C to 70°C 
Junction Temperature 
150°C 
Differential Input Voltage 
A,B,E,FGrades. 
. 
±40V 
C, GGrades 
± 30V 
Input Voltage (Note 4) 
A, B, E, F Grades. . . . . . . . . . . . . . . . . . . . .. 
± 20V 
C, GGrades 
± 16V 
Output Short Circuit Duration. 
Indefinite 
Storage Temperature Range .. 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


PACKAGE/ORDER InFORmATiOn 


ORDER PART NUMBER 
TOP VIEW 


NC 


8 
OP-15AH 
OP-15BH 
OP-15CH 
OP-15EH 
OP-15FH 
OP-15GH 


OP-16AH 
OP-16BH 
OP-16CH 
OP-16EH 
OP-16FH 
OP-16GH 


4 


v- (CASEI 


H PACKAGE 


METAl 
CAN 


Vos is adjusted with a potentiometer 
ranging from 10k to 1M. The wiper 
is connected to V + 


OP-15A/E 
OP-15B/F 
OP-15C/G 
SYMBOL 
PARAMETER 
CONDITIONS 
OP-16A/E 
OP-16B/F 
OP-16C/G 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vos 
Input Offset Voltage 
Rs=500 
- 
0.2 
0.5 
- 
0.4 
1.0 
- 
0.5 
3.0 
mV 


los 
Input Offset Current 
TI_ 25°C (Note 1) 
- 
3 
10 
- 
6 
20 
- 
12 
50 
pA 
Warmed·Up OP·15 
- 
5 
22 
- 
10 
40 
- 
20 
100 
pA 
OP-16 
- 
5 
25 
- 
10 
50 
- 
20 
125 
pA 


18 
Input Bias Current 
Ti = 25°C (Note 1) 
- 
±15 
±50 
- 
±30 
±100 
- 
±60 
±200 
pA 
Warmed-Up OP-15 
- 
±18 
±110 
- 
±40 
±200 
- 
±80 
±400 
pA 


OP-16 
- 
±20 
±130 
- 
±40 
±250 
- 
±80 
±500 
pA 


R'N 
Input Resistance 
- 
10'2 
- 
- 
10'2 
- 
- 
10'2 
- 
0 


Avol 
large Signai 
Rl ",2kO 
100 
240 
- 
75 
220 
- 
50 
200 
- 
V/mV 


Voltage Gain 
Vo=±10V 


Vo 
Output Voltage 
Rl-l0kO 
±12 
±13 
- 
±12 
±13 
- 
±12 
±13 
- 
V 


Swing 
Rl =2kO 
±11 
±12.7 
- 
±11 
± 12.7 
- 
±11 
±12.7 
- 
V 


Is 
Supply Current 
OP-15 
- 
2.7 
4.0 
- 
2.7 
4.0 
- 
2.8 
5.0 
mA 
OP-16 
- 
4.6 
7.0 
- 
4.6 
7.0 
- 
4.8 
8.0 
mA 


SR 
Slew Rate 
AVCl- + 1 OP-15 
10 
13 
- 
7.5 
11 
- 
5 
9 
- 
VIliS 
OP-16 
18 
20 
- 
12 
18 
- 
9 
16 
- 
VIliS 


GBW 
Gain Bandwidth 
(Note 3) 
OP-15 
4.0 
6.0 
- 
3.5 
5.7 
- 
3.0 
5.4 
- 
MHz 


Product 
OP-16 
- 
8.0 
- 
- 
7.6 
- 
- 
7.2 
- 
MHz 


Settling Time 
to 0.01% 
OP-15 
- 
4.5 
- 
- 
4.5 
- 
- 
4.7 
- 
liS 
(Note 2) 
to 0.10% 
- 
1.2 
- 
- 
12 
- 
- 
1.3 
- 
liS 


to 0.01% 
OP-16 
- 
3.8 
- 
- 
3.8 
- 
- 
4.0 
- 
liS 


to 0.10% 
- 
0.9 
- 
- 
0.9 
- 
- 
1.0 
- 
liS 


Input Voltage Range 
±10.5 
- 
- 
±10.5 
- 
- 
±10.3 
- 
- 
V 


CMRR 
Common-Mode 
VCM- 
± 10.5V 
86 
100 
- 
86 
100 
- 
- 
- 
- 
dB 
Rejection Ratio 
VCM= ± 10.3V 
- 
- 
- 
- 
- 
- 
82 
96 
- 
dB 
PSRR 
Power Supply 
Vs- 
±10Vto 
±18V 
- 
10 
51 
- 
10 
51 
- 
- 
- 
IIV/V 
Rejection Ratio 
Vs= ±10V 
to ±15V 
- 
- 
- 
- 
- 
- 
- 
10 
80 
IIV/V 


en 
Input Noise 
fo -100Hz 
20 
20 
- 
- 
20 
- 
nVtv',tiz 


Voltage Density 
fo = 1000Hz 
- 
15 
- 
- 
15 
- 
- 
15 
- 
nV/,,!Hz 


in 
Input Noise 
fo -100Hz 
- 
0.01 
- 
- 
0.01 
- 
- 
0.01 
- 
pAl"liz 
Current Oensity 
fo = 1000Hz 
- 
0.01 
- 
- 
0.01 
- 
- 
0.01 
- 
pAl-JHz 


C'N 
Input Capacitance 
- 
3 
- 
- 
3 
- 
- 
3 
- 
pF 


Op·15A 
OP-15B 
OP-15C 


SYMBOL 
PARAMETER 
CONDITIONS 
OP-16A 
OP-16B 
OP-16C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VOS 
Input OffsetVoltage 
RS=500 
• 
- 
0.4 
0.9 
- 
07 
2.0 
- 
0.9 
4.5 
mV 


Average Input Offset 
VoltageOriff 
15 
~V/oC 
TCVOS 
Without External 
• 
- 
2 
5 
- 
3 
10 
- 
4 
Trim 
TCVOSn 
With External 
Rp=lOOkO 
• 
- 
2 
- 
- 
3 
- 
- 
4 
- 
~V/oC 


Trim 


10S 
Input Offset 
Tj=125°C 
(Note 1) 
• 
- 
06 
40 
- 
0.8 
6.0 
1.0 
9.0 
nA 
Current 
TA=125°C. 
Warmed-UpOP-15 
• 
- 
08 
70 
- 
1.2 
11 
- 
1.5 
17 
nA 


OP-16 • 
- 
1.0 
B.5 
- 
13 
14.5 
- 
1.7 
22 
nA 


IB 
Input Bias 
Tj=125°C 
(Note t) 
• 
- 
±1.2 
±5.0 
- 
±1.5 
± 7.5 
±1.8 
±to 
nA 


Current 
TA= 125°C. Warmed-UpOP·15 
• 
- 
±17 
±9.0 
- 
±2.2 
±14 
- 
±2.7 
±19 
nA 


OP·16 • 
- 
±2.0 
±11 
- 
±2.5 
±18 
- 
±3.0 
±25 
nA 


Input VoltageRange 
• 
±10.4 
- 
- 
±10.4 
± 10.25 
V 


CMRR 
Common·Mode Rejection 
VCM= ± 10.4V 
• 
85 
97 
85 
97 
dB 


Ratio 
VCM= ± 10.25V 
• 
- 
- 
- 
- 
- 
- 
80 
93 
- 
dB 


PSRR 
PowerSupply Rejection 
VS= ± 10V to ±18V 
• 
- 
15 
57 
15 
57 
~V/V 
Ratio 
VS= ±10V to ±15V 
• 
- 
- 
- 
- 
- 
- 
- 
23 
100 
~VIV 


AVOL 
Large Signal VoltageGain 
RL0<2kO 
• 
35 
120 
30 
110 
25 
100 
V/mV 
VO=±10V 


Vo 
Output VoltageSwing 
RL0<10kO 
• 
±12 
±13 
±12 
±13 
±12 
±13 
V 
Ell 


Op·15E 
OP-15F 
OP-15G 
SYMBOL 
PARAMETER 
CONOITIONS 
OP-16E 
Op·16F 
OP-16G 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VOS 
Input OffsetVoltage 
RS=500 
• 
- 
0.3 
0.75 
- 
0.55 
1.5 
- 
0.7 
3.8 
mV 
Average Input 
OffsetVoltage 
Drift 
TCVOS 
Without External 
• 
- 
2 
5 
- 
3 
10 
- 
4 
15 
~V/oC 
Trim 
TCVOSn 
With External 
Rp= 100kO 
• 
- 
2 
- 
- 
3 
- 
- 
4 
- 
~V/oC 
Trim 


10S 
Input Offset 
Tj = 70°C (Note 1) 
• 
- 
0.04 
0.30 
- 
0.06 
0.45 
- 
0.08 
0.65 
nA 
Current 
TA=70°C. 
Warmed·Up 
OP-15 • 
- 
006 
0.55 
- 
0.08 
0.80 
- 
0.10 
1.2 
nA 
OP·16 • 
- 
007 
070 
- 
o 10 
1.1 
- 
o 15 
1.7 
nA 
IB 
Input Bias 
Tj=70°C 
(Note 1) 
• 
- 
±0.10 
±0.40 
- 
±0.12 
±0.60 
- 
±0.14 
±0.80 
nA 
Current 
TA= 70°C. Warmed-Up OP-15 
• 
- 
±0.13 
±075 
- 
±0.16 
±1.1 
- 
±0.19 
±1.5 
nA 
OP·16 
• 
- 
±0.15 
±0.90 
- 
±0.20 
±1.4 
- 
±0.25 
±2.0 
nA 
Input VoltageRange 
• 
±10.4 
- 
- 
±10.4 
- 
- 
± 10.25 
- 
- 
V 
CMRR 
Common'Mode Rejection 
VCM= ± 10.4V 
• 
85 
98 
- 
85 
98 
- 
- 
- 
- 
dB 


Ratio 
VCM= ± 10.25V 
• 
- 
- 
- 
- 
- 
- 
80 
94 
- 
dB 


PSRR 
PowerSupply Rejection 
VS=±10Vto 
±18V 
• 
- 
13 
57 
- 
13 
57 
- 
- 
- 
~V/V 
Ratio 
VS=±10Vto 
±15V 
• 
- 
- 
- 
- 
- 
- 
- 
20 
100 
~V/V 
Ava 
Large Signal VoltageGain 
RL0<2kO 
• 
65 
200 
- 
50 
180 
- 
35 
160 
- 
V/mV 
VO= ±10V 


Va 
Output VoltageSwing 
RLo<10kO 
• 
±12 
±13 
- 
±12 
±13 
- 
±12 
±13 
- 
V 


The. 
denotes 
the specifications 
which 
apply over full operating 
temperature 
range. 


For MIL-STD 
components, 
please refer to LTC 883C data sheet for test 
listing 
and parameters. 


Note 1: 
Input bias current 
is specified 
for two different 
conditions. 
The T1 
specification 
is with the Junction at ambient 
temperature; 
the warmed-up 
specification 
is with the device operating 
in a warmed-up 
condition 
at the 


ambient 
temperature 
specified. 
Ie and IDS are measured 
at VCM= O. 


Note 2: 
Seffling 
time IS defmed 
here for a unity gain inverter 
connection 


using 2krl resistors. 
It is the time required 
for the error voltage 
(the 


voltage at the inverting 
input pin or. fhe amplifier) 
to settle to within 
a 


specified 
percentage 
of its final value from the time a lOV step input is 
applied 
to the inverter. 


Note 3: 
Sample tested. 


Note 4: 
Unless otherwise 
specified, 
the absolute 
maximum 
negative 
input voltage 
is equal to the negative 
power supply 
voltage. 


Voltage Follower with Input Exceeding the Negative 
Common-Mode 
Range 


INPUT 
±15V 
SINE WAVE 


OUTPUT 
OTHERS' 
OP'15/16 
LF155/56 


lOV/DIV 


OUTPUT 
LINEAR TECH 
OP·15/16 


lOV/DIV 


H Package 
Metal Can 
N8 Package 
8 Lead Plastic 


if 


(~:~~~D~A~:;~~l- 


O.3tIS-D.335 


1 


-17.747-S.509j--1 


0.040 
DIA 


I1.Oi6i ~1--0'-050-----. 
MAX 
(1.270) 
0.165-0.185 


1 
t 
MAX 
(4.191-4.699) 
• 
-- 
t 
t 


SEATING_t_ 
---GA-U-.'---' 


PlANE 
t 
- 
- 
~-t-PlAHE 
0.500-0.750 


0.010-0.045 
00 0 00 
(12.1O-19.05) 


(0.254-1.143) 
-l~ 
0.016-0.021 
t 
I~ 
10.4Il6T~~·533) 


450'" 
./ 
'>'------- 
0.02T-0.045 


I 


0.027-0.034 /~/L' 
(0.686-1.143) 


(O.686~O.864) 
10 


J 
'ill 


B 


203~GLASS 
o 
0 
Cl 
6 
I 


0504° 


W'~ 
- 
0.240-0.280 


5 
._~,.'12} 


J 
0.040 MAX 
0.060 


(1.0161 
(1.524) 


SO 
0.370-0.4011 
~ 
1--(UOO-l0.,61=} 
(O.~}~I:~:) 


1 


MI. 
-.--- 
0.155-0.175 
(3.937-4.445) 
t 
-- 
--. 


0.125-0.130 
t 
0.115-0.145 
~ 
rll 
(2.92'.3.683) 
t 
II~II_ 
0.030-0.060 
.QJ!!Q.~ 
(D.76~~:.524) 
(~i~~) 
__ 
0.014-0.023 


TYP 
(0.356-0.584) 
'" 
:R- 


m 


, 
, 
" 
, 
" 
II 


" 
U 
-I too.". 
---I-~ 
(0.203-0.381) 
'" 
0.290-0.310 
(7.366-7.874) 


FEATURES 


• 
Guaranteed 3. 8nV I v'HZ max 1kHz Noise 
• 
Guaranteed 5. 5nV I v'HZ max 10Hz Noise 
• 
Very Low Peak-to-Peak 
Noise, 80nV Typical 
• 
Guaranteed 25p.Vmax Offset Voltage 
• 
Guaranteed O.6p.V/oC max Drift with Temperature 
• 
Guaranteed 
11VI p.Sec min Slew Rate (OP-37) 
• 
Guaranteed 
1 Million min Voltage Gain 


• 
Low Level Transducer 
Amplifiers 
• 
Precision Threshold 
Detectors 
• Tape Head Preamplifiers 
• 
Microphone 
Preamplifiers 
• 
Direct Coupled Audio Gain Stages 


OP-27/0P-37 


Low Noise, High Speed 
PrecisionOperational 
Amplifiers 


The OP-27/0P-37 
series of operational amplifiers combine 
outstanding 
noise performance with excellent precision and 
high 
speed specifications. 
The wide band 
noise is only 
3nVI v'HZ, and with the 1If noise corner at 2. 7Hz, low noise 
is maintained for all low frequency instrumentation 
applica- 
tions. Precision DC specifications 
match or exceed the best 
available 
op amps: 
offset 
voltage 
is 
10p.V, drift 
with 
temperature 
and time are O.2p.V/oC 
and O.2p.V/month, 
respectively; common mode rejection is 126dB, voltage gain 
is two million. 
The unity gain compensated 
OP-27 is an 
~ 
order of magnitude faster than other precision op amps. The 
••• 
decompensated 
OP-37 is even faster at a gain-bandwidth 
product of 63MHz and 17VIp.Secslew rate. These charac- 
teristics 
plus Linear Technology's 
advanced 
process and 
test techniques 
make the OP-27 137 an excellent choice for 
performance and reliability in all low noise, precision ampli- 
fier applications. 
In addition, 
Linear's 
OP-37 is completely 
latch-up free in high gain, large capacitive feedback con- 
figurations. 
The accurate, microvolt, 
low noise signal han- 


dling capabilities of the OP-27 137 are taken advantage of in 
the multiplexed thermocouple 
application shown. 


For applications 
requiring 
higher 
performance, 
see the 
LT1007 and LT1037 data sheets. 


Low Noise, Multiplexed 
Thermocouple 
Amplifier 


TYPE s THERMOCOUPLES 
5.4.V/oC 
AT DoC 
+ 


100 
HIGH QUAUTY 
SINGLE 
POINT GROUNO 


If 24 channels are multiplexed per second, and the output is required to settle to 
0.1% accuracy, the amplifier's 
bandwidth cannot be limited to less than 30Hz. Yet 
the noise contribution of the OP-27 will still be only 0.11/LVp-p, which is equivalent 
to an error of only 0.02°C. 


Supply Voltage. 
. . . . . . . . . . . . . . . . . . . . . . 
± 22V 
Internal Power Dissipation. 
. . . . . . . . . . . . 
500mW 
Input Voltage 
. . . . . . . .. 
Equal to Supply Voltage 
Output Short Circuit Duration. 
. . . . . . . . . . .. 
Indefinite 
Differential Input Current (Note 8) 
± 25mA 
Lead Temperature (Soldering, 
10sec.) 
300°C 
Operating Temperature Range 


OP-27/0P-37 
A, C 
-55°Cto 
i25°C 


OP-27/0P-37 
E, G 
. . . . . . .. 
- 25°C to 85°C 


Junction Temperature Range 


OP-27/0P-37A,C 
-55°Ct0150°C 


OP-27/0P-37 
E, G 
- 25°C to 125°C 


Storage Temperature Range 


OP-27/0P-37A,C,E,G 
-65°Ct0150°C 


TOP VIEW 


VosTRIM 


8 


4 


V-ICASE) 


METAL 
CAN 
H PACKAGE 


OP-27AH 
OP-27CH 
OP-27EH 
OP-27GH 


OP-27AJ8 
OP-27CJ8 
OP-27EJ8 
OP-27GJ8 
OP-37AJ8 
OP-37CJ8 


OP-37AH 
OP-37CH 
OP-37EH 
OP-37GH 


OP-37EJ8 
OP-37GJ8 
OP-27EN8 
OP-27GN8 
OP-37EN8 
OP-37GN8 


OP-27A,E/OP-37A,E 
OP-27C,G/OP-37C,G 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vas 
Input Offset Voltage 
(Note 1) 
10 
25 
30 
100 
p.V 


t>.Vos 
long 
Term Offset Voltage 
(Note 2) 
0.2 
1.0 
0.4 
2.0 
p.V/Mo 


t>.Time 
Stability 


los 
Input 
Offset Current 
7 
35 
12 
75 
nA 


16 
Input 
Bias Current 
±10 
±40 
±15 
±80 
nA 


en 
Input 
Noise Voltage 
0.1 Hz to 10Hz (Notes 
3 and 5) 
008 
018 
0.09 
0.25 
p.Vp-p 


Input 
Noise Voltage 
fo= 
10Hz (Note 3) 
3.5 
5.5 
3.8 
8.0 
nV/YHz 


Density 
fo=30Hz 
(Note 3) 
3.1 
4.5 
3.3 
5.6 
nV/YHz 


fo= 
1000Hz 
(Note 3) 
3.0 
3.8 
3.2 
4.5 
nV/YHz 


in 
Input 
Noise Current 
fo= 
10Hz (Notes 3 and 6) 
1.7 
4.0 
1.7 
pA/YHz 


Density 
fo=30Hz 
(Notes 
3 and 6) 
1.0 
2.3 
1.0 
pA/YHz 


fa = 1000Hz 
(Notes 
3 and 6) 
0.4 
0.6 
0.4 
0.6 
pA/YHz 


Input 
Resistance 
Common 
Mode 
3 
2 
Gfl 


Input Voltage 
Range 
±11.0 
± 12.3 
±11.0 
± 12.3 
V 


CMRR 
Common 
Mode Rejection 
Ratio 
VCM= 
±11V 
114 
126 
100 
120 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
Vs= 
±4V 
to ± 18V 
100 
120 
94 
118 
dB 


AvoL 
large 
Signal 
Voltage 
Gain 
RL" 
2kfl, 
Vo= 
± 10V 
1000 
1800 
700 
1500 
V/mV 
RL"lkfl, 
Vo=±10V 
800 
1500 
1500 
V/mV 
RL =600fl, 
Vo= 
± IV 
250 
700 
200 
500 
V/mV 


Vs= 
± 4V (Note 4) 


VOUT 
Maximum 
Output 
Voltage Swing 
RL,,2kfl 
± 12.0 
±13.8 
±11.5 
± 13.5 
V 


RL" 
600fl 
± 10.0 
± 11.5 
±10.0 
±11.5 
V 


SR 
Slew Rate 
OP·27 
RL" 
2kfl 
(Note 4) 
1.7 
2.8 
1.7 
2.8 
V/p.S 
OP-37 
AVCL> 5 (Note 4) 
11 
17 
11 
17 
V/p.S 


GBW 
Gain-Bandwidth 
OP-27 
fa-100kHz 
(Note 4) 
50 
80 
5.0 
80 
MHz 


Product 
OP-37 
10= 10kHz 
(Note 4) 
45 
63 
45 
63 
MHz 


fa = 1MHz (AVCL> 5) 
40 
40 
MHz 


Zo 
Open Loop Output 
Resistance 
Vo-O.lo-O 
70 
70 
11 


Pd 
Power Dissipation 
90 
140 
100 
170 
mW 


OP-27A/OP-37A 
OP-27C/OP-37C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
(Note 1) 
• 
30 
60 
70 
300 
jJ.V 


t.Vos 
Average Input 
(Note 7) 
• 
0.2 
0.6 
0.4 
1.8 
jJ.V/oC 


t.Temp 
Offset Drift 


los 
Input Offset Current 
• 
15 
50 
30 
135 
nA 


\e 
Input Bias Current 
• 
± 20 
±60 
±35 
± 150 
nA 


Input Voltage Range 
• 
±10.3 
±11.5 
± 10.2 
±11.5 
V 


CMRR 
Common Mode 
VCM=±10V 
• 
108 
122 
94 
116 
dB 
Rejection Ratio 


PSRR 
Power Supply 
Vs=±4.5Vto 
±18V 
• 
96 
116 
86 
110 
dB 
Rejection Ratio 


AVOL 
Large Signal 
RL2: 2kfl, Vo= ± 10V 
• 
600 
1200 
300 
800 
V/mV 
Voltage Gain 


VOUT 
Maximum Output 
RL2:2krl 
• 
± 11.5 
±13.5 
± 10.5 
± 13.0 
V 
Voltage SWing 


OP-27E/OP-37E 
OP-27G/OP-37G 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
(Note 1) 
• 
20 
50 
55 
220 
jJ.V 


t.Vos 
Average Input 
(Note 7) 
• 
0.2 
0.6 
0.4 
18 
jJ.V/oC 
t.Temp 
Offset Drift 


los 
Input Offset Current 
• 
10 
50 
20 
135 
nA 


Ie 
Input Bias Current 
• 
±14 
±60 
±25 
± 150 
nA 
Input Voltage Range 
• 
±105 
±11.8 
± 10.5 
±118 
V 
CMRR 
Common Mode 
VcM=±10V 
• 
110 
124 
96 
118 
dB 
Rejection Ratio 


PSRR 
Power Supply 
Vs=±4.5Vto 
±18V 
• 
97 
118 
90 
114 
dB 
Rejection Ratio 


AVOL 
Large Signal 
RL2:2kfl, 
Vo=±10V 
• 
750 
1500 
450 
1000 
V/mV 
Voltage Gain 


VOUT 
Maximum Output 
RL2:2kfl 
• 
± 11.7 
± 13.6 
±11.0 
± 13.3 
V 
Voltage SWing 


The. 
denotes the specifications which apply over full operating 
temperature range. 


Note 1: Input Offset Voltage measurements are performed by automatic 
test equipment approximately 0.5 seconds after application of power. A 
and E grades are guaranteed fUlly warmed up. 


Note 2: Long Term Input Offset Voltage Stability refers to the average 
trend line of Offset Voltage vs Time over extended periods after the first 
30 days of operation. Excluding the initial hour of operation, changes in 
Vas during the first 30 days are typically 2.5jJ.V-refer to typical perform- 
ance curve. 


Note 3: Sample tested. Contact factory for 100% testing of 10Hz voltage 
noise. 


Note 4: Parameter is guaranteed by design and is not tested. 


Note 5: See test circuit and frequency response curve for 0.1 Hz to 10Hz 
tester in Applications Information section. 


Note 6: See test circuit for current noise measurement In Applications 
Information section. 


Note 7: The Average Input Offset Drift performance is within the 
specifications unnulled or when nulled with a pot having a range of 8krl 
to 20krl. 


Note 8: The OP-27/37's 
inputs are protected by back-to-back diodes. 


Current limiting resistors are not used in order to achieve low noise. If 
differential input voltage exceeds ± o.lV, the input current should be 
limited to 25mA. 
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Total Noise vs Source 
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Input Offset Current vs 
Temperature 
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OP-27/0P-37 


General 


The OP-27/37 
series devices may be inserted directly 
into OP-07, OP-05. 725, and 5534 sockets with or with- 
out removal of external compensation or nulling compo- 
nents. 
In addition, 
the OP-27/37 
may be fitted to 741 
sockets with the removal or modification of external null- 
ing components. 


Noise Testing 


The 0.1 Hz to 10Hz peak-to-peak noise of the OP-27IOP-37 
is measured 
in the test circuit 
shown. 
The frequency 
response of this noise tester indicates that the 0.1 Hz cor- 
ner is defined by only one zero. The test time to measure 
0.1Hz to 10Hz noise should not exceed 10 seconds, as 
this time limit acts as an additional zero to eliminate noise 
contributions 
from the frequency band below 0.1 Hz. 


Measuring the typical 80nV peak-to-peak noise perform- 
ance of the OP-27/37 
requires special test precautions: 


(a) The device should be warmed 
up for at least five 
minutes. As the op amp warms up, its offset voltage 
changes typically 
4p.V due to its chip temperature 
increasing 1Q°C to 20°C from the moment the power 
supplies are turned on. In the 10 second measure- 
ment interval these temperature-induced 
effects can 
easily exceed tens of nanovolts. 


*OP-2710P-37 
DEVICE UNDER TEST 


NOTE: ALL CAPACITORVALUES ARE FOR 
NON-POLARI2ED CAPACITORS ONLY. 


(b) 
For similar reasons, the device must be well shielded 
from air currents to eliminate the possibility of ther- 
moelectric 
effects 
in excess 
of a few 
nanovolts, 
which would invalidate the measurements. 


(c) 
Sudden motion in the vicinity of the device can also 
"feedthrough" 
to increase the observed noise. 


A noise-voltage 
density 
test 
is recommended 
when 
measuring 
noise on a large number of units. 
A 10Hz 
noise-voltage 
density 
measurement 
will 
correlate 
well 
with a 0.1 Hz to 1OHz peak-to-peak 
noise reading since 
both results are determined 
by the white noise and the 
location of the 11f corner frequency. 


Current noise is measured and calculated by the following 
formula: 


. 
[e2no_ (130nV)2] 
'12 
In= 
1MOx 
100 


0.1 Hz to 10Hz 
pop Noise 
Tester Frequency 
Response 


22p1't::C~PE 


R'N=lMll 


110k 


~ 
70 
z 
~ 
60 


Offset Voltage Adjustment 


The input offset voltage of the OP-27/37, 
and its drift 
with 
temperature, 
are permanently 
trimmed 
at wafer 
testing to a low level. However, if further adjustment of 
Vas is necessary, the use of a 10k nulling potentiometer 
will not degrade drift with temperature. 
Trimming to a 
value other than zero creates a drift of (Vas/300) 
/LV1°C, 


e.g., if Vas is adjusted to 300/LV, the change in drift will 
be 1/LV1°C. 


The adjustment 
range with a 10k pot is approximately 
± 2.5mV. If less adjustment range is needed, the sensi- 
tivity and resolution of the nulling can be improved by 
using a smaller pot in conjunction 
with fixed resistors. 


The example has an approximate null range of ± 200/LV. 


Improved Sensitivity Adjustment 


Offset Voltage and Drift 


Thermocouple effects, caused by temperature gradients 
across dissimilar metals at the contacts to the input ter- 
minals, 
can exceed the inherent 
drift of the amplifier 
unless proper care is exercised. Air currents should be 
minimized, package leads should be short, the two input 
leads should be close together and maintained at the 
same temperature. 


The circuit shown to measure offset voltage is also used 
as the burn-in configuration 
for the OP-27/37, 
with the 
supply 
voltages 
increased 
to 
±20V, 
R1 =R3=10k, 
R2=2000, 
Av=100. 


Test Circuit for Offset Voltage 
and Offset Voltage Drift with 
Temperature 


R1 
50k' 


4 
-15V 


Va=1000 Vas 
·RESISTORS 
MUST HAVE LOW 
THERMOELECTRIC POTENTIAL 


Unity Gain Buffer Applications 
(OP-27 Only) 


When Rf~ 1000 and the input is driven with a fast, large 
signal pulse (> 1V), the output waveform will look as 
shown in the pulsed operation diagram. 


During the fast feedthrough-Iike 
portion of the output, the 
input protection diodes effectively short the output to the 
input and a current, 
limited only by the output short cir- 
cuit protection, 
will be drawn by the signal generator. 
With Rf~ 5000, 
the output is capable of handling the 
current 
requirements 
(I L~ 20mA 
at 
10V) 
and 
the 
amplifier stays in its active mode and a smooth transition 
will occur. 


As with all operational amplifiers when Rf> 2kO, a pole 
will 
be created 
with 
Rf and 
the 
amplifier's 
input 
capacitance, creating additional phase shift and reducing 
the phase margin. A small capacitor (20pF to 50pF) in 
parallel with Rf will eliminate this problem. 
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FEATURES 


• 
Guaranteed 80p'v Max. Vas 
• 
Guaranteed 6.0nV I...JHZ 10Hz Voltage Noise Density 
• 
Guaranteed3.9nV/...JHZ 
1kHz Voltage Noise Density 
• 
Guaranteed 1pV/oC 
Max. Vas Drift 
• 
Guaranteed 1 Million Min. Voltage Gain 
• 
Guaranteed Matching Characteristics 
• 
Guaranteed 10V/ps 
Min. Slew Rate (OP-237) 


• Instrumentation 
Amplifiers 
• Low Level Signal Processing 
• Low Noise Audio Amplifiers 
• Strain Gauge Amplifiers 


OP-227/0P-237 


Dual Matched Low Noise 
PrecisionOp Amp 
and Dual High Speed Low Noise 
PrecisionOp Amp 


DESCRIPTion 


The OP-227 is a dual matched precision op amp which 
combines low offset, low noise, and high gain with ex- 
cellent 
matching 
characteristics. 
Typical 
individual 
amplifier 
specifications 
of 20pV Vas, 
O.2pV/oC 
drift, 


10nA Is and 2.8nV/...JHZ 10Hz noise voltage density 
make the OP-227 an impressive performer in terms of 
single amplifiers. 
Matching characteristics 
are specified 
~ 
with guaranteed limits on all critical parameters including 
••• 
Vas, Vas drift, 
ISlAS and CMRR (see the Features sec- 
tion), which make the OP-227 an ideal choice for two and 
three op amp instrumentation 
amplifier applications. 


The OP-237 offers 
DC specifications 
identical 
to the 
OP-227 and is decompensated for higher speed operation 
at inverting gains greater than 5. 


Precision Amplifier Drives 3000 Load to ± 10V 
with 0.05% 
Accuracy 
Matching Characteristic; 
Drift of Offset Voltage Match 
of Representative Units 


OUTPUT 
± 10V 


RL 
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_ 
80 
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:s -80 


" 
..••... 
....•.. 
_I- 
opJ27A 


~ •...... 
.... 
./ 
OP227A 


,; 
I--. 
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OP227C 
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OP227A 
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"\ 
OP227C 
-100 


-120 
-75 
-35 
5 
45 
85 
125 
165 
TEMPERATURE 
lOG) 


ABSOLUTE 
mAXimum 
RATinGS 


Supply Voltage (Note 9). . . . . . . . . . . 
. . .. 
± 22V 


Internal Power Dissipation. 
. . . . . 
500mW 


Input Voltage. 
. . 
Equal to Supply Voltage 


Output Short-Circuit 
Duration 
Indefinite 
Differential Input Current (Note 8) . . 
± 25mA 
Storage Temperature Range. . . . .. 
- 65°C to + 150°C 


Operating Temperature 
OP-227A/237A/227C/237C 
.. 
-55°Cto 
+125°C 
OP-227E/237E/227G/237G 
... 
-25°Cto 
+85°C 


Lead Temperature Range (Soldering, 
10 sec.) 
.. 
300°C 


NULL(AI 
1 


NULL(AI 
2 


-IN 
(AI 
3 


J PACKAGE 
N PACKAGE 


14 PINHERMETIC 
14 ~N PLASTIC 


NOTE:OEVICEMAYBEOPERATEO 
EVENIFINSERTION 


ISREVERSEO; 
THISISDUETOINHERENTSYMMETRYOF 
PINLOCATIONS 
OFAMPLIFIERSA ANDB (NOTE9). 


ORDER 
PART NUMBER 


OP-227AJ OP-237AJ 
OP-227CJ OP-237CJ 
OP-227EJ OP-237EJ 
OP-227GJ OP-237GJ 
OP-227EN OP-237EN 
OP-227GN OP-237GN 


ELECTRICAL CHARACTERISTICS 
Individual 
Amplifiers 


Vs= ±15V, TA=25°C, 
unless otherwise 
noted 


OP-227A, E 
OP-227C, G 


SYMBOL 
PARAMETER 
CONDITIONS 
OP-237A, E 
OP-237C, G 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VOS 
Input 
Offset 
Voltage 
(Note 
1) 
- 
20 
80 
- 
60 
180 
IJ.V 


I1VOS 
long 
Term Vos Stability 
(Notes 
2, 3) 
- 
0.2 
1.0 
- 
0.2 
2.0 
IJ.VlMo 


I1Time 


los 
Input 
Offset 
Current 
- 
7 
35 
- 
12 
75 
nA 


Is 
Input 
Bias Current 
- 
±10 
±40 
- 
±15 
±80 
nA 


enp·p 
Input 
Noise 
Voltage 
0.1Hzto10Hz 
- 
0.06 
0.20 
- 
0.06 
0.28 
IJ.Vp-p 


(Notes 
3, 5) 


en 
Input 
Noise 
Voltage 
Density 
fo = 10Hz 
(Note 
3) 
- 
2.8 
6.0 
- 
2.8 
9.0 
nVMz 


fo = 30Hz 
(Note 
3) 
- 
2.6 
4.7 
- 
2.6 
5.9 
nV/.JHz 


fo = 1000Hz 
(Note 
3) 
- 
2.5 
3.9 
- 
2.5 
4.6 
nV/.JRZ 


in 
Input 
Noise 
Current 
Density 
fo=10Hz 
(Notes 
3,6) 
- 
1.5 
4.5 
- 
1.5 
- 
pAiV'"t!l 


fo=30Hz 
(Notes 
3,6) 
- 
1.0 
25 
- 
1.0 
- 
pA/.JHz 


fo=1000Hz 
(Notes 
3, 6) 
- 
0.4 
0.7 
- 
0.4 
0.7 
pA/.JRZ 


Input 
Resistance- 
- 
7 
- 
- 
5 
- 
GO 


Common 
Mode 


Input 
Voltage 
Range 
±11.0 
± 12.5 
- 
±11.0 
± 12.5 
- 
V 


CMRR 
Common 
Mode 
Rejection 
VCM= 
±11V 
114 
126 
- 
100 
126 
- 
dB 


Ratio 


PSRR 
Power 
Supply 
Rejection 
Ratio 
Vs=±4Vto 
±18V 
- 
1 
10 
- 
2 
20 
IJ.V/V 


AYOL 
large-Signal 
Voltage 
Gain 
RL~2kn, 
Vo= 
±12V 
3 
20 
- 
2 
20 
- 
V/IJ.V 


RL~600n, 
Vo= 
±10V 
1 
12 
- 
08 
12 
- 
V/IJ.V 


VOUT 
Output 
Voltage 
Swing 
RL ~ 2kO 
±12.0 
± 13.8 
- 
±11.5 
± 13.5 
- 
V 
RL~ 
600n 
±10.0 
± 12.5 
- 
±10.0 
± 12.5 
- 
V 


SR 
Slew 
Rate 
OP-227 
RL ~ 2kO 
1.7 
2.8 
- 
1.7 
2.8 
- 
V/!J.S 


OP-237 
AYCL ~ 5 
10 
15 
- 
10 
15 
- 
V/!J.S 


GBW 
Gain Bandwidth 
Prod. 
OP-227 
fo=100kHz 
(Note 
4) 
5 
8 
- 
5 
8 
- 
MHz 
OP-237 
fo= 
10kHz 
(Note 
4) 
35 
63 
- 
35 
63 
- 
MHz 
OP-237 
fo=1MHz 
(AVCL~5) 
- 
40 
- 
- 
40 
- 
MHz 


Zo 
Open-loop 
Output 
Resistance 
Vo=O, 
10=0 
- 
70 
- 
- 
70 
- 
0 


Pd 
Power 
Consumption 
Each Amplifier 
- 
80 
140 
- 
90 
170 
mW 


Offset 
Adjustment 
Range 
Rp= 
10kO 
- 
±4 
- 
- 
±4 
- 
mV 


ELECTRICAL CHARACTERISTICS 
Individual 
Amplifiers 
Vs= ±15V, -25°C5TA585°C, 
unless otherwise 
noted 


op·227E 
oP-227G 


SYMBOL 
PARAMETER 
CONDITIONS 
oP-237E 
oP-237G 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vas 
Input Offset Voltage 
(Note 1) 
• 
- 
40 
140 
- 
85 
280 
p.V 


tJ.Vos 
Average Input Offset 
(Note 7) 
• 
- 
0.2 
1.0 
- 
0.3 
1.8 
p.V/oC 


tJ.Temp 
Drift 


los 
Input Offset Current 
• 
- 
15 
50 
20 
135 
nA 


IB 
Input Bias Current 
• 
- 
±20 
±60 
- 
±35 
±150 
nA 


Input Voltage Range 
• 
±10.5 
±11.5 
- 
±10.5 
±11.5 
- 
V 


CMRR 
Common Mode 
VCM= 
±10V 
• 
110 
124 
- 
96 
118 
- 
dB 
Rejection Ratio 


PSRR 
Power Supply 
Vs= 
±4.5V 
to ± 18V • 
- 
2 
15 
- 
2 
32 
p.V/V 
Rejection Ratio 


AVOL 
Large Signal Voltage 
RL2:2kO, 
Vo= ±10V 
• 
1 
14 
- 
0.8 
14 
- 
V/p.V 
Gain 


Your 
Output Voltage Swing 
RL 2: 2kO 
• 
±11.7 
±13.6 
- 
±11.0 
±13.3 
- 
V 


ELECTRICAL CHARACTERISTICS 
Individual 
Amplifiers 
Vs= ±15V, -55°C5TA5125°C, 
unless otherwise 
noted 


oP-227A 
OP-227C 
SYMBOL 
PARAMETER 
CONDITIONS 
op·237A 
OP-237C 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vas 
input Offset Voltage 
(Note 1) 
• 
- 
60 
180 
- 
110 
350 
p.V 
tJ.Vos 
Average Input Offset 
(Note 7) 
• 
- 
0.2 
1.0 
- 
03 
1.8 
p.V/oC 
tJ.Temp 
Drift 


los 
Input Offset Current 
• 
- 
15 
50 
- 
30 
135 
nA 
IB 
Input Bias Current 
• 
- 
±20 
±60 
- 
±35 
±150 
nA 
Input Voltage Range 
• 
±10.5 
±11.8 
- 
±10.2 
±11.8 
- 
V 
CMRR 
Common Mode 
VCM= 
±10V 
• 
108 
122 
- 
94 
116 
- 
dB 
Rejection Ratio 


PSRR 
Power Supply 
Vs= ±4.5Vto 
±18V 
• 
- 
2 
16 
- 
4 
51 
p.V/V 
Rejection Ratio 


AVOL 
Large Signal Voltage 
RL2: 2kO, Vo= ± 10V • 
1 
14 
- 
0.8 
14 
- 
V 
Gain 


Your 
Output Voltage Swing 
RL 2: 2kO 
• 
±11.5 
± 13.5 
- 
±10.5 
±13.0 
- 
V 


The. 
denotes the specifications which apply over the full operating 
temperature range. 


For MIL-STD components, please refer to LTC 883C data sheet for test 
listing and parameters. 


Note 1: Input offset voltage measurements are performed by automated 
test equipment approximately 0.5 seconds after application of power. 


Note 2: Long-Term Input Offset Voltage Stability refers to the average 
trend line of Vas vs Time over extended periods after the first 30 days of 
operation. 


Note 3: Sample tested. 


Note 4: Parameter is guaranteed by design. 


Note 5: See test circuit and frequency response curve for 0.1Hz to 10Hz 
tester. 


Note 6: See test circuit for current noise measurement. 


Note 7: The input offset drift performance is within the specifications un- 
nulled or when nulled with Rp=8kO 
to 20kO. 


Note 8: The inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise. If differential input 
voltage exceeds ± O.7V, the input current should be limited to 25mA. 


Note 9: The V+ supply terminals are completely independent and may be 
powered by separate supplies if desired (this approach, however, would 
sacrifice the advantages of the power supply rejection ratio matching). The 
V- 
supply terminals are both connected to the common substrate and 
must be tied to the same voltage. Both V- 
pins should be used. 


••••.•••••••••• 
_ 
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at Vs = ± 15V, TA= 25°C, 
unless otherwise 
noted 


SYMBOL 
PARAMETER 
CONDITIONS 
OP-227A, E. OP-237A, E 
OP-227C, G, OP·237C, G 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tJ.Vos 
Input Offset Voltage Match 
- 
25 
80 
- 
55 
300 
p.V 


16+ 
Average Non-Inverting Bias 
- 
±10 
±40 
- 
±15 
±90 
nA 
Current 


los + 
Non-Inverting Offset Current 
- 
±12 
±60 
- 
±20 
±130 
nA 


los 
Inverting Offset Current 
- 
±12 
±60 
- 
±20 
±130 
nA 


tJ.CMRR 
Common Mode Rejection 
VCM= 
±11V 
110 
123 
- 
97 
117 
- 
dB 
Ratio Match 


tJ.PSRR 
Power Supply Rejection 
Vs=±4Vto 
±18V 
- 
2 
10 
- 
2 
20 
p.V/V 
Ratio Match 


Channel Separation 
(Note 4) 
126 
154 
- 
126 
154 
- 
dB 
tJ.AVOL 
Gain Match 
fo=100kHz 
(Note 4) 
- 
1.5 
6.0 
- 
2.0 
9.0 
% 
RL,,2kO, 
Vo= ±10V 


SYMBOL 
PARAMETER 
CONDITIONS 
OP-227A, OP-237A 
OP-227C, OP-237C 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tJ.Vos 
Input Offset Voltage Match 
• 
- 
55 
180 
- 
100 
480 
p.V 


tJ.Vos 
Input Offset Voltage Tracking 
(Note 7) 
• 
- 
0.3 
1.0 
- 
0.5 
1.8 
p.V/oC 
tJ.Temp 


16+ 
Average Non-Inverting Bias 
• 
- 
±20 
±60 
- 
±35 
±170 
nA 
Current 
tJ.16+ 
Average Drift of Non- 
• 
- 
100 
- 
- 
200 
- 
pA/oC 
tJ.Temp 
Inverting Bias Current 


los + 
Non-Inverting Offset Current 
• 
- 
±25 
±90 
- 
±45 
±250 
nA 
los + 
Average Drift of Non- 
• 
- 
130 
- 
- 
250 
- 
pA/oC 
tJ.Temp 
Inverting Offset Current 


los 
Inverting Offset Current 
• 
- 
±25 
±90 
- 
±45 
±250 
nA 
tJ.CMRR 
Common Mode Rejection 
VCM= 
±10V 
• 
105 
118 
- 
90 
110 
- 
dB 
Ratio Match 
tJ.PSRR 
Power Supply Rejection 
Vs=±4.5VtO±18V 
• 
- 
2 
16 
- 
4 
51 
p.V/V 
Ratio Match 


SYMBOL 
PARAMETER 
CONDITIONS 
OP-227E, OP-237E 
OP·227G, OP-237G 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tJ.Vos 
Input Offset Voltage Match 
• 
- 
40 
140 
- 
90 
400 
p.V 
TCtJ.Vos 
Input Offset Voltage Tracking 
(Note 7) 
• 
- 
0.3 
1.0 
- 
0.5 
1.8 
p.V/oC 


16+ 
Average Non-Inverting Bias 
• 
- 
±14 
±60 
- 
±25 
±170 
nA 
Current 
tJ.16+ 
Average Drift of Non- 
• 
- 
80 
- 
- 
180 
- 
pA/oC 
tJ.Temp 
Inverting Bias Current 


los + 
Non-Inverting Offset Current 
• 
- 
±20 
±90 
- 
±35 
±250 
nA 
tJ.los+ 
Average Drift of Non- 
• 
- 
130 
- 
- 
250 
- 
pA/oC 
tJ.Temp 
Inverting Offset Current 


los 
Inverting Offset Current 
• 
- 
±20 
±90 
- 
±35 
±250 
nA 
tJ.CMRR 
Common Mode Rejection 
VCM- 
±10V 
• 
106 
120 
- 
90 
112 
- 
dB 
Ratio Match 


tJ.PSRR 
Power Supply Rejection 
Vs-±4.5Vto 
±1BV • 
- 
2 
15 
- 
3 
32 
p.V/V 
Ratio Match 
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APPLICATions inFORmATion 


Noise Testing 


The 0.1 Hz to 10Hz peak-to-peak 
noise of the OP-227 I 
OP-237 is measured in the test circuit shown. The fre- 
quency response of this noise tester indicates that the 
0.1 Hz corner is defined by only one zero. The test time to 
measure 0.1 Hz to 10Hz noise should not exceed 10 sec- 
onds, 
as this time limit acts as an additional 
zero to 
eliminate 
noise contributions 
from the frequency 
band 
below 0.1 Hz. 


Measuring 
the typical 
60nV 
peak-to-peak 
noise per- 
formance 
of the OP-22710P-237 
requires 
special test 
precautions: 


(a) The device should be warmed 
up for at least five 
minutes. As the op amp warms up, its offset voltage 
changes typically 3p.Vdue to its chip temperature in- 
creasing 1Q°C to 20°C from the moment the power 
supplies are turned on. In the 10 second measure- 
ment interval these temperature-induced 
effects can 
easily exceed tens of nanovolts. 


(b) For similar reasons, the device must be well shielded 
from 
air 
currents 
to eliminate 
the 
possibility 
of 
thermoelectric 
effects in excess of a few nanovolts, 


which would invalidate the measurements. 


(c) Sudden motion in the vicinity of the device can also 


"feed through" 
to increase the observed noise. 


·DEVICE 
UNDER TEST 


NOTE: 
ALL CAPACITOR VALUES 
ARE FOR 
NON-POLARIZED 
CAPACITORS 
ONLY. 


A noise-voltage 
density 
test 
is recommended 
when 
measuring noise on a large number of units. A 10Hz noise 
voltage density 
measurement 
will correlate well with a 
0.1 Hz to 10Hz peak-to-peak 
noise reading since both re- 


sults are determined by the white noise and the location of 
the 1If corner frequency. 


Current noise is measured in the circuit shown and calcu- 
lated by the following formula: 


i _[e2no -(130nV)2]V2 
n- 
1MOx100 


10k 
III 


The OP-22710P-237 
achieves its low noise, in part, by 
operating the input stage at 120p.A versus the typical 
10p.A of most other op amps. Voltage noise is inversely 
proportional, while current noise is directly proportional to 
the square root of the stage current. Therefore, the OP-227I 
OP-237 current noise will be relatively high. At low frequen- 
cies, the low 1If current noise corner frequency (""" 120Hz) 
minimizes current noise to some extent. 
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APPLICATions inFORmATion 
In most practical applications, 
however, current 
noise 
will not limit system performance. This is illustrated in the 
total noise versus 
source resistance 
plot, where total 
noise = [(voltage 
noise)2 +(current 
noise x Rs)2 + 
(resistor noise)2fh . 


Three regions can be identified as a function of source 
resistance: 


(i) 
Rs :54000-Voltage 
noise dominates 


(ii) 
4000:5 Rs :5 50kO at 1kHz 
Resistor noise 
4000:5 
Rs :5 8kO at 10Hz 
dominates 


(iii) 
Rs>50kOat1kHz 
Currentnoise 
Rs>8kO 
at 10Hz 
dominates 


Clearly the OP-227 IOP-237 
should not be used in region 
(iii), where total system noise is at least six times higher 
than the voltage noise of the op amp, i.e., the low voltage 
noise specification 
is completely wasted. 


APPLICATions InFORmATion 


OP AMP MATCHING 


Advantages of Matched Dual Op Amps 


In many applications 
the performance of a system de- 


pends on the matching between two operational ampli- 
fiers rather than the individual characteristics 
of the two 
op amps. Two or three op amp instrumentation amplifiers, 
tracking voltage references and low drift active filters are 
some of the circuits requiring matching between two op 
amps. 


The well-known 
triple op amp configuration 
illustrates 
these concepts. 
Output offset is a function 
of the dif- 
ference between the offsets of the two halves of the 
OP-22710P-237. 
This error cancellation principle holds 
for a considerable number of input referred parameters in 
addition to offset voltage and its drift with temperature. 
Input bias current will be the average of the two non- 
inverting 
input currents (IB+). The difference between 
these two currents (Ios +) is the offset current of the in- 
strumentation 
amplifier. 
The difference between the in- 
verting input currents 
(Ios - ) will cause errors flowing 
through R1, R2, and R3. Common mode and power sup- 
ply rejections will be dependent only on the match be- 
tween 
the two amplifiers 
(assuming 
perfect 
resistor 


matching). 


The concepts of common mode and power supply rejec- 
tion ratio match (..1CMRR and ..1PSRR)are best demon- 
strated with a numerical example: 


Assume CMRRA= +1.0,N/Vor 
120dB, 


and CMRRB = +0.75pV/V 
or 122.5dB, 


then ..1CMRR=0.25JLV/Vor 
132dB; 


if CMRRB = -0.75JLV/V 
which is still 122.5dB, 


then ..1CMRR= 1.75,N IV or 115dB. 


Clearly, the OP-227 I OP-237, by specifying and guaran- 
teeing all of these matching parameters, can significantly 
improve the performance of matching dependent circuits. 
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Trim R8 for gain 
Trim R9 for DC common mode rejection 
Trim R10 for AC common mode rejection 


Typical performance of the instrumentation 
amplifier: 


Input offset voltage = 60JLV 
Input bias current = ± 15nA 
Input offset current = ±20nA 
Input noise=0.08JLVp-p 
Power bandwidth (Va = ± 10V) =250kHz 
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LTZ1000, Ultra Precision Relerence 
. 


LTZ1000A, Ultra Precision Reference 
. 


LTl004, Micropower VoltageReference. 


LTI 004CSB-l. 2/LTI 004CSB-2. 5, Micropower VoltageReferences . 


LTl009Series, 
2.5 VollReference. 


LTl009SB, 2.5 VoltReference .. 


LTl019, Precision Reference. 


LTl021, Precision Reference 
. 
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LTl027, Precision5VReference 
. 


LTI 029, 5V Bandgap Reference. 
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. 
. 
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Micropower DualReference 
. 
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LTl431, Programmable Reference. 


ENHANCEDAND SECONDSOURCEPRODUCTS 


lH0070, Precision 10V Reference 
. 
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6.9V Precision Voltage Reference 


lM 134 Series, Constant Current Source and Temperature Sensor. 


lM334S8, Constant Current Source and Temperature Sensor. 
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2.5 Volt Reference 
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2, Micropower Voltage Reference 
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MicropowerVoltage Reference. 


LM385S8-1.2/LM385S8-2.5, 
MicropowerVoltage Reference 
. 


LM199/LM399/LM199A/LM399A, 
Precision Reference. 


LT5BO,Precision Reference ...........................•.......................•...... 
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miLITARY 
- 55'C to + 125'C 


VOLTAGE 
MAXIMUM 


VOLTAGE 
TOLERANCE 
OPERATING 
DYNAMIC 


Vz 
MAXIMUM 
TEMPERATURE DRIFT, 
CURRENT RANGE 
IMPEDANCE 


(VOLTS) 
TA=25'C 
DEVICE 
ppmf'C 
OR mV CHANGE 
(OR SUPPLY CURRENT) 
(il) 
MAJOR FEATURE 


1.235 
±0.32% 
LT1004M·1.2 
20ppm (typ) 
10pA t020mA 
1.5 
Micropower 


±1% 
LM185·1.2 
20ppm (typ) 
10pA t020mA 
1.5 
Micropower 


±1% 
LT1034BM·1.2 
20ppm (max) 
20pA t020mA 
1.5 
Low TC Micropower 
with 


7V Aux. Reference 


±1% 
LT1034M·1.2 
40ppm(max) 
20pA to 20m A 
1.5 
Low TC Micropower 
with 
7V Aux. Reference 


2.5 
±0.5% 
LT1004M·2.5 
20ppm (typ) 
20pA t020mA 
1.5 
Micropower 
±0.2% 
LT1009M 
18mV(maxl 
400pA to 10mA 
1.0 
Precision 
±0.2% 
LT1019M·2.5 
25ppm (max) 
102mA 
N/A 
Precision Bandgap 
±2% 
LM136·2.5 
18mV(maxl 
400pA to 10mA 
1.0 
General Purpose 
±1% 
LM136A2.5 
18mV(maxl 
400pA to 10mA 
1.0 
General Purpose 
±1.5% 
LM185·2.5 
20ppm (typ) 
20pA t020mA 
1.5 
Micropower 
±1% 
LT580S 
55ppm (max) 
1.5mA 
N/A 
3 Terminal Low Drift 
±OA% 
LT580T 
25ppm (max) 
1.5mA 
N/A 
3 Terminal Low Drift 
±OA% 
LT580U 
10ppm (max) 
105mA 
N/A 
3 Terminal Low Drift 


4.5 
±0.2% 
LT1019M·4.5 
25ppm(max) 
102mA 
N/A 
Precision Bandgap 


5.0 
±0.2% 
LT1019M·5 
25ppm (max) 
102mA 
N/A 
Precision 
Bandgap 
±1% 
LT1021BM·5 
5ppm (max) 
102mA 
01 
Very Low Drift 
±0.05% 
LT1021CM·5 
20ppm (maxi 
1.2mA 
0.1 
Very Tight Inital Tolerance 
±1% 
LT1021DM·5 
20ppm (max) 
1.2mA 
0.1 
Low Cost, High Performance 
±0.2% 
LT1029AM 
20ppm (max) 
700pA to 10mA 
0.6 
Precision Bandgap 
±1% 
LT1029M 
40ppm (maxi 
700pA to 10mA 
06 
Precision 
Bandgap 


±0.3% 
REF02A 
8.5ppm (max) 
1AmA 
N/A 
Precision 
Bandgap 
±0.5% 
REF02 
25ppm (maxi 
lAmA 
N/A 
Precision 
Bandgap 


6.9 
±3% 
LM129A 
10ppm (maxi 
600pA to 15mA 
0.8 (typ) 
Low Drift 
±3% 
LM129B 
20ppm (max) 
600pA to 15mA 
0.8 (typ) 
Low Drift 
±3% 
LM129C 
50ppm (max) 
600pA to 15mA 
0.8 (typ) 
Low Cost 


6.95 
±2% 
LM199A 
0.5ppm (max) - 55'C to + 85'C 
500pA to 10mA 
1.0 
Ultra Low Drift 


10ppm (maxi + 85'C to + 125'C 
±2% 
LM199 
1ppm (max) - 55'C to + 85'C 
500pA to 10mA 
1.0 
Ultra Low Drift 


15ppm (max) + 85'C to + 125'C 


7.0 
±O.7% 
LT1021BM·7 
5ppm(max) 
100mA 
0.2 
Low DriftfNoise, 
Exc. 


Stability 


±O.7% 
LT1021DM·7 
20ppm (max) 
100mA 
0.2 
Low Cost, High Performance 


10.0 
±0.2% 
LT1019M·10 
25ppm (maxi 
102mA 
N/A 
Precision Bandgap 


±0.5% 
LT1021BM·l0 
5ppm(max) 
1.7mA 
0.25 
Very Low Drift 


± 0.05% 
LT1021CM·10 
20ppm (max) 
1.7mA 
0.25 
Very Tight Initial Tolerance 


±0.5% 
LT1021DM·10 
20ppm (max) 
1.7mA 
0.25 
Low Cost, High Performance 
±0.05% 
LT1031BM 
5ppm (max) 
1.7mA 
0.25 
Very Low Drift 


±0.1% 
LT1031CM 
15ppm (max) 
1.7mA 
025 
Very Tight Initial Tolerance 
±O.2% 
LT1031DM 
25ppm(max) 
1.7mA 
0.25 
Low Cost, High Performance 
±0.3% 
LT581J 
30ppm(max) 
1.0mA 
N/A 
3 Terminal Low Drift 
±0.1% 
LT581T 
15ppm(max) 
1.0mA 
N/A 
3 Terminal Low Drift 


±0.05% 
LH0070·2 
6.7ppm (maxi 
5.0mA 
0.6 
Low Drift 


±0.1% 
LH0070·1 
17ppm(max) 
5.0mA 
0.6 
Good Initial Tolerance 
±0.1% 
LH0070·0 
33ppm(max) 
5.0mA 
0.6 
Low Cost, High Performance 
±0.3% 
REF01A 
8.5ppm (maxi 
1AmA 
N/A 
Precision Bandgap 


±0.5% 
REF01 
25ppm (max) 
1AmA 
N/A 
Precision Bandgap 
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commERCIAL 
O'Cta + 70'C 


VOLTAGE 
MAXIMUM 


VOLTAGE 
TOLERANCE 
OPERATING 
DYNAMIC 
Vz 
MAXIMUM 
TEMPERATURE DRIFT, 
CURRENT RANGE 
IMPEDANCE 


(VOLTS) 
TA=25'C 
DEVICE 
ppm/'C 
OR mV CHANGE 
(OR SUPPLY CURRENT) 
(0) 
MAJOR FEATURE 


1.235 
±O.32% 
LTlOO4C·l.2 
20ppm (typ) 
10pAto 20mA 
1.5 
Micropower 


±0.32% 
LTlOO4CS8·1.2 
20ppm (typ) 
10pA t020mA 
1.5 
Micropower 


±1% 
LT1034BC·l.2 
20ppm (max) 
20pA t020mA 
1.5 
Low TC Micropower 
with 


7V Aux. Reference 
±1% 
LTlO34C·l.2 
40ppm(max) 
20pA t020mA 
1.5 
Low TC MicropowEH with 
7V Aux. Reference 


±2% 
LM385·1.2 
20ppm (typ) 
15pA t020mA 
1.5 
Micropower 
±1% 
LM385B·l.2 
20ppm (typ) 
15pA t020mA 
1.5 
Micropower 


2.5 
±0.5% 
LTlOO4C·2.5 
20ppm (typ) 
20pA t020mA 
1.5 
Micropower 
±0.8% 
LT1004CSB·2.5 
20ppm (typ) 
20pA to30mA 
1.5 
Micropower 
±0.2% 
LT1009C 
6mV(max) 
400pA to 10mA 
1.4 
Precision 
±2.5% 
LT1009S8 
25ppm (max) 
400pA to 20mA 
0.6 
Precision 


±0.2% 
LT1019G-2.5 
20ppm(max) 
1.2mA 
N/A 
Precision 
Bandgap 
±4% 
LM336-2.5 
6mV(max) 
400pA to 10mA 
1.4 
General Purpose 
±2% 
LM336B·2.5 
6mV(max) 
400pA to 10mA 
1.4 
General Purpose 


±3% 
LM385·2.5 
20ppm (typ) 
20pA t020mA 
1.5 
Micropower 


±1.5% 
LM385B·2.5 
20ppm (typ) 
20pA t020mA 
1.5 
Micropower 
±3% 
LT580J 
85 (max) 
l.5mA 
N/A 
3 Terminal Low Drift 


±1% 
LT580K 
40 (max) 
1.5mA 
N/A 
3 Terminal Low Drift 
±0.4% 
LT580L 
25 (max) 
1.5mA 
N/A 
3 Terminal Low Drift 
±0.4% 
LT580M 
10 (max) 
1.5mA 
N/A 
3 Terminal Low Drift 


4.5 
±0.2% 
LT1019C·4.5 
20ppm(max) 
1.2mA 
N/A 
Precision 
Bandgap 


5.0 
±O.2% 
LT1019C·5 
20ppm (max) 
1.2mA 
N/A 
Precision 
Bandgap 


±1% 
LT1021BC·5 
5ppm (max) 
1.2mA 
0.1 
Very Low Drift 
±0.05% 
LT1021CC·5 
20ppm (max) 
1.2mA 
0.1 
Very Tight Inital Tolerance 
±1% 
LT1021DC·5 
20ppm(max) 
1.2mA 
0.1 
Low Cost, High Performance 
±1% 
LT1021CS8 
20ppm (max) 
1.2mA 
0.1 
Low Cost, High Performance 


±0.2% 
LT1029AC 
20ppm (max) 
700pA to 10mA 
0.6 
Precision 
Bandgap 


±1% 
LT1029C 
34ppm (max) 
700pA to 10mA 
0.6 
Precision 
Bandgap 
±0.3% 
REF02E 
8.5ppm (max) 
1.4mA 
N/A 
Precision 
Bandgap 
±0.5% 
REF02H 
25ppm (max) 
1.4mA 
N/A 
Precision 
Bandgap 
±1% 
REF02C 
65ppm (max) 
1.6mA 
N/A 
Precision 
Bandgap 
±2% 
REF02D 
250ppm (max) 
2.0mA 
N/A 
Bandgap 


6.9 
±3% 
LM329A 
10ppm (max) 
600pA to 15mA 
1.0 (typ) 
Low Drift 
±5% 
LM329B 
20ppm (max) 
600pA to 15mA 
1.0 (typ) 
Low Drift 


±5% 
LM329C 
50ppm (max) 
600pA to 15mA 
1.0 (typ) 
General Purpose 


±5% 
LM329D 
l00ppm (max) 
600pA to 15mA 
1.0 (typ) 
General Purpose 
±4% 
LTZ1000 
O.lppm/'C 
4mA 
20.0 
Ultra Low Drift, 
2ppm Long Term Stability· 


6.95 
±5% 
LM399 
2ppm(max) 
500pA to 10mA 
1.5 
Ultra Low Drift 
±5% 
LM399A 
lppm(max) 
SOOpAtol0mA 
1.5 
Ultra Low Drift 


7.0 
±0.7% 
LT1021BC·7 
5ppm(max) 
1.0mA 
0.2 
Low Drift/Noise, 
Exc. 


Stability 


±O.7% 
LTl021DC-7 
20ppm(max) 
1.0mA 
0.2 
Low Cost, High Performance 


10.0 
±0.2% 
LTlO19C·l0 
20ppm(max) 
1.2mA 
N/A 
Precision 
Bandgap 
±0.5% 
LT1021BC·l0 
5ppm(max) 
l.7mA 
0.25 
Very Low Drift 
±0.05% 
LT1021CC·l0 
20ppm(max) 
1.7mA 
0.25 
Very Tight Initial Tolerance 


±0.5% 
LT1021DC·l0 
20ppm(max) 
1.7mA 
0.25 
Low Cost, High Performance 


±0.5% 
LT1031BC 
5ppm(max) 
1.7mA 
0.25 
Very Low Drift 
±0.1% 
LTl031CC 
15ppm(max) 
1.7mA 
0.25 
Very Tight Initial Tolerance 
±O.2% 
LTl031DC 
25ppm(max) 
1.7mA 
0.25 
Low Cost, High Performance 
±0.3% 
LT581J 
30ppm(max) 
1.0mA 
N/A 
3 Terminal Low Drift 


±0.1% 
LT581K 
15ppm(max) 
1.0mA 
N/A 
3 Terminal Low Drift 
±0.3% 
REF01E 
8.5ppm(max) 
1.4mA 
N/A 
Precision Bandgap 
±0.5% 
REF01H 
25ppm(max) 
1.4mA 
N/A 
Precision Bandgap 


±1% 
REF01C 
65ppm (max) 
1.6mA 
N/A 
Precision Bandgap 


TO·52 


INPUT0",,·, 


GROUND 


BOTTOM VIEW 
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- FEATURES- 


• 
2.5V Output 
• 
Direct Replacement 
for 


Analog Devices 


• 
Selected Parts with 
10ppm/oCTC 


• 
Low Quiescent 
Current 


- FEATURES- 


• 
10V Output 
• 
Direct Replacement 
for 
Analog Devices 


• 
Low Quiescent 
Current 


- FEATURES- 


• 
Low Noise 


• 
Low Cost 
• 
Max Temperature 
Drift 


Selections 
10, 20, 50 and 


100ppm/oC 


• 
Wide Operating 
Current 
Range 


- FEATURES- 


• 
Ultra Low Drift 


• 
Very Low Noise 


• 
Wide Operating 
Current 


Range 


• 
Provided with Thermal 


Shield 


• 
Excellent 
Long Term 
Stability 


• 
Low Hysteresis 


• 
Guaranteed 
Long Term 
Stability 
Available 


- FEATURES- 


• 
Micropower 
• 
1.235V and 2.5V Available 


• 
Low Dynamic Impedance 


• 
Wide Operating 
Current 
Range 


• 
Very TightTolerance 


- mini DESCRIPTion 
- 


Alternate 
source for industry 


standard 
2.5V 3 terminal 


reference. 


- mini DESCRIPTion 
- 


Alternate 
source for industry 


standard 
10V 3·terminal 


reference. 
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- mini DESCRIPTion 
- 


Subsurface 
zener reference with 


wide operating 
current range 


from 600~A to 15mA. Similar to 


LM199/399 without 
stabilizing 


heater on the die. 


- mini DESCRIPTion 
- 


An on board stabilizing 
heater 


keeps the die at constant 


temperature. 
Reference is a low 


noise subsurface 
zener. Excel· 


lent long term stability. 


- mini DESCRIPTion 
- 


Bandgap reference with oper· 


ating current range as low as 


10~A. Low noise and good long 


term stability. 


LTl009 
LM136/336 


SMALL OUTLINE 
NC1m8 
Ne 2 
7 Ne 


Ne3 
6 


<I 
5AOJ PIN 


7NC'.NCO' 
NC' 


VIJ~ 
2 
7 
Ne' 


6 Vour 


T~: 
3 
6 
VOUT 


5 
TRIM 
GNO 
4 
5 
TRIM 


7NC.. NC08NC. 


VIII. 
2 
7 
P+C" 


6 Vour 


ONe 
3 
6 
Vour 


5 
TAIM" 
GND 
• 
5 
TRIM" 


SMAll 
OUTlINE 


NC'ID8NC' 
VIN 
2 
lNC' 


Ne' 3 
6VOUI 


GND4 
!iTRIM" 


• 00 NOT CONECT 
EXTERNAl CflClITR'1 
TO TtESE PINS 


··P()TRI.I~OHlT1021·1 
OOHOTC(»HCT 


EXTERNAl.CACUTR'f 
TO PIN 5 ON lTl02H 


- FEATURES- 


• 
No Adjustment 
Needed on 
LT1009 


• 
Temperature 
Coefficient 
or 


Voltage 
Easily Adjusted 
on 


LM136 


• 
Wide Operating 
Current 
Range 


• 
Low Cost 


• 
2.5V 
• 
Very TightTolerance 


- FEATURES- 


• 
2.5V, 4.5V, 5V and 10V 
Versions 


• 
Piug·ln Replacement 
for 
Many Devices 


• 
Series or Shunt Operation 


• 
Low Drift -3ppm/oC 
Typ. 


• 
100% Noise Tested 


• 
Optional 
Chip Heater Can 
Be Used for Lower Drift 


• 
Temperature 
Output 


- FEATURES- 


• 
Ultra Low Drift 


• 
Trimmed Output 
Voltage 


• 
Very Low Noise 


• 
Operates 
in Series or Shunt 
Mode 


• 
Replaces 
REF01, REF02, 


LM368, MC1400 and MC1404 


with Improved 
Stability, 


Noise and Drift 


- mini DESCRIPTion 
- 


General purpose 
reference 


using bandgap 
circuit. 
Low cost, 


medium 
performance. 


- mini DESCRIPTion 
- 


Curvature 
corrected 
bandgap 


design for very low drift and 


tight initial tolerance. 
Replaces 


and upgrades 
REF01, REF02, 


MC14XX and other popular 


series type references. 


- mini DESCRIPTion 
- 


Trimmed voltage 
reference 
with 


ultra low drift. Reference 
is a 


low noise subsurface 
zener. 


Available 
in 5V, 7V and 10V 


versions. 
The 7V and 10V ver· 


sions can be used as 2·terminal 


shunt regulators 
as well as 


series references. 


TO·46 
+r rU;n ry 


ADJ 
~~ 


~ 
BOTTOM 
VIEW 


TD-5 


INPUT 


[)oo,"", 


GROUND 


BOTTOM 
VIEW 


P'2V/25V 


- FEATURES- 


• 
0.2% Output Tolerance 


• 
0.05{J Shunt Impedance 


• 
700~A to 10mA Operating 


Current 


• 
Pin Compatible 
with 


LM136·5 


• 
20ppmloC 
Max. Drift Output 


Voltage Trim does not Affect 


Drift 


• 
Can be Used as Positive or 
Negative Reference 


- FEATURES- 


• 
10V Output 


• 
Ultra Low Drift 


• 
Very Low Noise 


• 
Trimmed Output Voltage 


• 
Operates 
in Series or Shunt 


Mode 


• 
Pin Compatible 
with AD581 


• 
LH0070 is a Direct 
Replacement 
for NSC 


LH0070 


- FEATURES- 


• 
1.2V and 2.5 Versions 


• 
Guaranteed 
Drift of 
20ppmfoC and 40ppm/oC 


• 
1.2V and 7V Reference 


• 
1.2V Reference Operates 


20~A to 20m A 


• 
1% Tolerance on 1.2V 
Reference 


• 
7V Reference Operates 
100~A to 20mA 


• 
Compatible 
with the LM385 


and LT1004 


- FEATURES- 


• 
Direct Replacement 
for PMI 


Devices 


• 
Low Drift 


• 
High Line Rejection 


• 
Low Supply Current 


• 
Temperature 
Output on 
REF02 


- mini DESCRIPTion 
- 


Precision 
3 terminal 
shunt 5V 


bandgap reference. 
Very low 


drift and tight initial output 


tolerance. 


- mini DESCRIPTion 
- 


Very low tempco 
is achieved 


without 
chip heater. The LT1031 


can replace the AD581 with 


better specifications. 


- mini DESCRIPTion 
- 


The LT1034 is a bandgap 
1.2V or 


2.5V reference with low operat· 


ing current and low temperature 


coefficient, 
combined 
with a 7V 


subsurface 
zener reference on 


the same chip. 


- mini DESCRIPTion 
- 


Industry 
standard 
5Vand 
10V 


bandgap voltage 
references. 
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• 1.2/Np-p Noise 
• 2p.VLong TermStability 
• Very Low Hysteresis 
• O.05ppm/oCDrift 
• Temperature Stabilized 


• Voltmeters 
• Calibrators 
• Standard Cells 
• Scales 
• Low Noise RFOscillators 


LTZl0 0 0 / LTZl00 OA 


Ultra Precision Reference 


The LTZ1000and LTZ1000Aare ultra stable temperature 
controllable references. They are designed to provide 7V 
outputs with temperature drifts of O.05ppm/oC, about 
1.2p.Vp-pof noise and long term stabilities 
of 2p.Vper 
month. 


Included on the chip is a subsurface zener reference, 
heater resistor for temperature stabilization, and a tem- 
perature sensing transistor. External circuitry is used to 
set operating currents and to temperature stabilize the 
reference. This allows maximum flexibility and best long 
term stability and noise. 


The LTZ1000and LTZ1000Areferences can provide supe- 
rior performance to older references such as the LM199at 
the expense of increased circuit complexity and thermal 
layout considerations. 
The LTZ1000 is packaged in a 
standard TO-99 package while the LTZ1000A utilizes a 
proprietary high thermal resistance die attach which 
eases thermally insulating the reference. 
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LTZ1000 
V'N"'10V 
r--, 
I 
I 
30k 
I 
I 
IL_, 


120 
I 


Heater to Substrate 
35V 
Collector Emitter Breakdown Q1 
15V 
Collector Emitter Breakdown Q2 
35V 
Emitter Base Reverse Bias 
2V 
Operating Temperature Range 
- 55°CsTAS 125°C 
Storage Temperature Range 
- 65°C sT As 150°C 
Substrate Forward Bias 
O.1V 


ORDER 
PART NUMBER 


LTZ1000 
LTZ1000A 


PREconDITiOninG 
150°C Burn-In 


4 


H8 PACKAGE 
METAL 
CAN 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Zener Voltage 
Iz= 5mA, (Vz+ VBE01) 101 = 100pA 
7.0 
7.2 
7.5 
V 


Iz= 1mA, 0/z + VBE01) 101 = 100pA 
6.9 
7.15 
7.45 
V 


Zener Change with Current 
1mA"lz<5mA 
80 
240 
mV 


Zener Leakage Current 
Vz= 5V 
20 
200 
pA 


Zener Noise 
Iz=5mA,0.1Hz<f<10Hz 
1.2 
2 
pVp-p 


101 = 100pA 


Heater Resistance 
IL,,100pA 
200 
300 
420 
II 


Heater Breakdown Voltage 
35 
V 


Transistor 01 Breakdown 
Ic = 10pA, LVCEO 
15 
20 
V 


Transistor 02 Breakdown 
Ic = 10pA, LVCEO 
35 
50 
V 


01,02 Current Gain 
Ic= 100pA 
80 
200 
450 


Thermal Resistance 
LTZ1000 
Time=5Minutes 
80 
°CIW 


LTZ1000A 
Time = 5 Minutes 
400 
°CIW 


Long Term Stability 
T =65°C 
2 
pVI.Jkhr 


Note 1: All testing is done at 25°C. Pulse testing is used for LTZ1000A to 
minimize temperature rise during testing. LTZ1000 and LTZ1000A devices 
are OA tested at - 55°C and 125°C. 


Pin 1: Heater positive. Must be more positive than Pin 4 
and less than 40V. 


Pin 2: Heater negative. Must be more positive than Pin 4 
and less than 40V. 


Pin 3: Zener positive. Must be more positive than Pin 4. 


Pin 4: Substrate and Zener negative. Must be more posi- 
tive than pin 7. If 01 is Zenered (about 7V) a permanent 
degradation in beta will result. 


Pin 5: Temperature compensating transistor collector. 


Pin 6: Temperature sensing transistor base. If the base 
emitter junction is Zenered (about 7V) the transistor will 
suffer permanent beta degradation. 


Pin 7: Emitter of sensing and compensating transistors. 


Pin 8: Collector of sensing transistor. 
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LTZ1000and LTZ1000Aare capable of providing ultimate 
voltage reference performance. Temperature drifts of bet- 
ter than O.03ppm/oCand long term stability on the order of 
1p.Vper month can be achieved. Noise of about O.15ppm 
can also be obtained. This performance is at the expense 
of circuit complexity, since external influences can easily 
cause output voltage shifts of more than 1ppm. 


Thermocouple effects are one of the worst problems and 
can give apparent drifts of many ppm/oC as well as cause 
low frequency noise. The kovar input leads of the TO·5 
package form thermocouples when connected to copper 
PC boards. These thermocouples generate outputs of 
35p.V/oC.It is mandatory to keep the zener and transistor 
leads at the same temperature, otherwise 1to 5ppm shifts 
in the output voltage can easily be expected from these 
thermocouples. 


Air currents blowing across the leads can also cause 
small temperature variations, especially since the pack· 
age is heated. This will look like 1 to 5ppm of low fre- 
quency noise occurring over a several minute period. For 
best results, the device should be located in an enclosed 
area and well shielded from air currents. 


Certainly, any temperature gradient externally generated, 
say from a power supply, should not appear across the 
critical circuitry. The leads to the transistor and zener 
should be connected to equal size PC traces to equalize 
the heat loss and maintain them at similar temperatures. 
The bottom portion of the PC board should be shielded 
against air currents as well. 


Resistors, as well as having resistance temperature coeffi· 
cients, can generate thermocouple effects. Some types of 
resistors can generate hundreds of microvolts of thermo· 
couple voltage. These thermocouple effects in the resistor 
can also interfere with the output voltage. Wire wound reo 
sistors usually have the lowest thermocouple voltage, 
while tin oxide type resistors havevery high thermocouple 
voltage. Film resistors, especially Vishay precision film re- 
sistors, can have low thermocouple voltage. 


Ordinary breadboarding techniques are not good enough 
to give stable output voltage with the LTZ1000family de· 
vices. For breadboarding, it is suggested that a small 
printed circuit board be made up using the reference, the 
amplifier, and wire wound resistors. Care must be taken to 
ensure that heater current does not flow through the same 
ground lead as the negative side of the reference (emitter 
of 01). Current changes in the heater could add to or sub- 
tract from the reference voltage causing errors with tem· 
perature. Single point grounding using low resistance 
wiring is suggested. 


Setting Control Temperature 


The emitter·base voltage of the control transistor sets the 
stabilization temperature for the LTZ1000.With the values 
given in the applications, temperature is normally 60°C. 
Production variations in emitter-base voltage will typically 
cause about ± WC variation. Since the emitter-base volt· 
age changes about 2mV/oC and is very predictable, other 
temperatures are easily set. 


The lowest temperature consistent 
with the operating 
environment should be used. Higher temperatures ac- 
celerate aging and decrease long term stability. The 
LTZ1000A should be set about WC 
higher than the 
LTZ1000.This is because normal operating power dissipa· 
tion in the LTZ1000Acauses a temperature rise of about 
10°C. Of course both types of devices should be insulated 
from ambient. Several minutes of warm-up is usual. 


For applications not requiring the extreme precision or the 
low noise of the LTZ1000, Linear Technology makes a 
broad line of voltage references. Devices like the LT1021 
can provide drifts as low as 2ppm/oC and devices such as 
the LM399A can provide drifts of 1ppm/oC. Only applica- 
tions requiring the very low noise or low drift with time of 
the LTZ1000should use this device. Application help is 
available from Linear Technology. 


• 
·PROVIOE TEMPERATURE COMPENSATION, 
OELETE FOR LTZ1000A. 


APPROXIMATE CHANGE IN REFERENCE VOLTAGE FOR A l00ppm 
CHANGE IN 


RESISTOR VALUES: 


l00ppm= 
6R(II) 
6Vz 


R1 
0.01211 
lppm 
R2 
711 
0.3ppm 
R3 
711 
0.2ppm 
R4/R5 
RATIO 
6R=0.01% 
1ppm 


BOTH Al AND A2 CONTRIBUTE LESS THAN 2"V OF OUTPUT DRIFT OVER A 5O'C RANGE. 


·PULSE 
HEATER ON ANO OFF TO HEAT AND CODL THE 


REFERENCE. ADJUST 
R1 FOR MINIMUM 
VOLTAGE 
CHANGE THROUGH A TEMPERATURE 
CYCLE. 


• PROVIDES TC COMPENSATION, 
DELETE FOR LTZ1000A. 


APPROXIMATE 
CHANGE IN REFERENCE VOLTAGE FOR A 100ppm 
(D.01 %) CHANGE IN 


RESISTOR VALUES: 


6R(O) 
6VZ 
R1 
D.0120 
1ppm 
R2 
m 
O.3ppm 
R3 
m 
D.2ppm 
R4/R5 
RATIO 
6R=0.01% 
1ppm 


BOTH A 1 AND A2 CONTRIBUTE 
LESS THAN 2"V 
DF OUTPUT DRIFT OVER A 50·C 
RANGE. 


GRDUND 
ZENER - 
FDRCE 


HEATER 
RETURN 
(TIED TO 
GROUND) 


H8 Package 
Metal Can 
Ell 


~ 


(~;~~=~;~~)- 


DIA 


0.305 - 0.335 
r 


l7.747 -8.509)l 


0.040 
i1T16i 
~.l..-0'-05-0 
----. 


MAX 
iU70i 
0.165-0185 
I 
• 
MAX 
(4.191 - 4.699) 
~.__ 
-_-_ 
__t 
t __ 
REFERENCE 
SEATING 
t__ 
GAUGE. 
PLANE 
PLANE t 
- - 
--t-PLANE 
0.500-0.750 


0.010-0.045 
DO 
0 
DO 
11270.1905) 


(0.254-1.143) 
----.11..- 
0.016-0'-.0-21------ 


10.406- 0.533) 
.,.G~ 
m_ 


Ii:::::::::, tj' 


o 
0 


6 
I 


o 
50 
4° 


0.110-0.160 
(2.794-4.064) 
INSULATING 
STANDOFF 


• 
Guaranteed ± 4mV initial accuracy LT1004-1.2 
• 
Guaranteed ± 20mV accuracy LT1004-2.5 
• 
Guaranteed 10~Aoperating current 
• 
Guaranteed temperature performance 
• 
Operates up to 20mA 
• 
Very low dynamic impedance 


• 
Portable meter references 
• 
Portable test instruments 
• 
Battery operated systems 
• 
Current loop instrumentation 


LT1004 
Micropower Voltage 
References 


The LT1004 Micropower Voltage References are two 
terminal bandgap reference diodes designed to pro- 
vide high accuracy and excellent temperature charac- 
teristics at very low operating currents. Optimization 
of the key parameters in the design, processing and 
testing of the device results in accuracy specifications 
previously attainable only with selected units. Below 
is a distribution plot of reference voltage for a typical 
lot of LT1004-1.2. 
Virtually all of the units fall well 
within the prescribed limits of ± 4mV. 


The LT1004 
is a pin for pin replacement for the 
LM185/385 
series of references with improved accu- 
• 
racy specifications. More important, the LT1004 is an 
attractive device for use in systems where accuracy 
was previously obtained at the expense of power con- 
sumption and trimming. 


For a low drift micropower reference with guaranteed 
temperature coefficient, see the LT1034 data sheet. 
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LT1004 


ABSOLUTE mAXimum 
RATinGS 


Reverse Breakdown Current. . . . . . . . . . . . . . . 30mA 
Forward Current. 
10mA 
Operating Temperature Range 
LT1004M 
-55°C 
to 125°C 
LT1004C 
O°C to 70°C 
Storage Temperature Range 
LT1004M 
-65°C 
to 150°C 
LT1004C 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 


PACKAGE/ORDER InFORmATiOn 


BOTIOMVIEW 
\9 


LT1004MH 
LT1004CH 


H PACKAGE 
TO·46 METAl CAN 


ELECTRICALCHARACTERISTICS(See note 1) 


LTl004-1.2 
LTl004-2.5 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vz 
Reverse Breakdown 
Voltage 
IR 
~ 
100~A 
1.231 
1.235 
1.239 
2.480 
2.500 
2.520 
V 
lT1004M 
-55°C,. 
TA 
,. 
125°C • 
1.220 
1.230 
1.245 
2.460 
2.500 
2.535 
V 
LT1004M/C 
O°C ,. 
TA 
,. 
70°C 
• 
1.225 
1.235 
1.245 
2.470 
2.500 
2.530 
V 


.:>Vz 
Average 
Temperature 
Coefficient 
Imin ,. 
IR 
,. 
20mA (Note 2) 
20 
20 
ppmrC 


.:>Temp 


Imin 
Minimum 
Operating 
Current 
• 
8 
10 
12 
20 
~A 


.:>Vz 
Reverse Breakdown 
Voltage 
Imin ~ 
IR 
~ 
lmA 
1 
1 
mV 
-:li; 
Change with 
Current 
• 
1.5 
1.5 
mV 
1mA ,. 
IR 
,. 
20m A 
10 
10 
mV 
• 
20 
20 
mV 


rz 
Reverse Oynamic 
Impedance 
IR 
~ 
100~A 
0.2 
0.6 
0.2 
0.6 
!l 
• 
1.5 
1.5 
!l 


en 
Wide Band Noise (RMS) 
IR 
~ 
100~A 
10Hz,. 
f ,. 
10kHz 
60 
120 
~V 


.:>Vz 
Long Term Stability 
IR 
~ 
100~A 


.:>Time 
TA 
~ 
25°C ± O.l°C 
20 
20 
ppm/kHr 


The. 
denotes the specifications 
which apply over the full operating 
temperature range. 
Note 1: All specifications 
are for TA = 25°C unless otherwise noted. 


Note 2: Selected devices with guaranteed maximum temperature 
coefficient 
are available upon request. 
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.25 
.45 
.65 
.85 
.105·125 


TEMPERATUREI'C) 


Noise Voltage 
Filtered Output Noise 


700 
70 


IR~ 
100"A 


600 
TA~ 25'C 
60 


I 
500 
50 


~ 
400 
I 4 
40 
~ 
~ 
~ 
300 
'" 
30 
5 
~ 
z 


200 
20 


100 
10 


lk 
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V, 
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INPUT 


0.5 
1.0 
1.5 
2.0 
2.5 
3.0 


REVERSEVOLTAGE(VI 


2.515 


2.510 


~ 
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2.500i2.495 


~ 
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.....•.I'.... 
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'I I IIII 
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Noise Voltage 
Filtered Output Noise 


1400 
120 


1200 
100 


3.0 


1000 
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~ 


80 
2.0 


800 
~ 
~ 
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z 
~ 
1.0 


~ 


60 
~ 600 
~ 
C5 
a: 
§? 
z 
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40 
400 


200 
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5V 


0 


100 
lk 
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lOOk 
100 
lk 
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lOOk 


FREOUENCY(Hz) 
CUTOFFFREQUENCY(Hz) 


-55 
-35 
-15 
5 
25 
45 
65 
85 
105 
125 


TEMP£RATURE(OC) 


£ 
w 
~ 
100 


i't';;; 
'" 
10 
~;; 


100 
500 


TIME (,.SECI 


• MAY BE INCREASED 
FOR SMALL 
OUTPUT 
CURRENTS 


2V 
R = lOUT + 10~A 


+15V 
R, NETWORK 


YSI44201 


2.7k 


5% 


10k 


lT1004·1.2 
2765. 


-=- 
10k 


NETWORKDETAil 


YSI44201 
r-----l 
sRN 


I 


• 


Low Temperature Coefficient 
2 Terminal Current Source 


V- 
- 
lV 
R,,,,~ 
2k 


R, 


Constant Gain Amplifier 
Over Temperature 


Micropower Reference 
from 9V Battery 


• OUTPUT 
REGULATES 


DOWN TD 1.285V 
FOR 
lOUT 
~ 
D 


-=- 
12V 
l 


Ell 


+24 


22k 


12k 


LT1004-1.2 


I 


10k 


~LINPUT 


2N3904 


56k 


-5 


600.S 
RC 
PER INTEL 
SPEC 
_t ~~1':. 


LT1004 


PACKAGE DESCRIPTion 
Dimensions in inches (millimeters) 
unless otherwise noted. 


H Package, 2 Lead TO-46 Metal Can 
Z Package, 3 Lead TO-92 Plastic 


~ 


2209-0219 
(5300 - 5 503) 


0178 
0195 
..j 
14521 
4953) 
I 


~T: ftir~(~o:=~":;( 


2lEAOS -0 
0 
~("700I 


(~~~:~~~~~l 
QIA~ 
~ 
(~~ 
MAX 


5 
0090 
~~'aq:'~ 
~ 
123 


5'N,," 
\ 
I 
~ 
V ~ 
(3429-3683) 


~ 
10 
NOIo4 
10 
NOIo4 


~~~ 
J 


~(004~7) 
0045-0055 
rvp 


(1143-' 
397) 


II 
00145-00155 
---+{ t--- to 3683-0 
3931) 


TVI' 
BEFORE 
LEAD 
FNSH 


• 
Guaranteed ±4mV initial accuracy LT1004-1.2 
• 
Guaranteed ± 20mV accuracy LT1004-2.5 
• 
Guaranteed 101LA operating current 
• 
Guaranteed temperature performance 
• 
Operates up to 20mA 
• 
Very low dynamic impedance 


• 
Portable meter references 
• 
Portable test instruments 
• 
Battery operated systems 
• Current loop instrumentation 


LT1004CS8-1.2/ 
LT1004CS8-2.5 


Micropower Voltage 
References 


The LT1004 Micropower Voltage References are two 
terminal bandgap reference diodes designed to pro- 
vide high accuracy and excellent temperature charac- 
teristics at very low operating currents. Optimization 
of the key parameters in the design, processing and 
testing of the device results in accuracy specifications 
previously attainable only with selected units. Below 
is a distribution plot of reference voltage for a typical 
lot of LT1004-1.2. Virtually all of the units fall well 
within the prescribed limits of ±4mV. 


The LT1004 is a pin for pin replacement for the 385 
series of references with improved accuracy specifica- 
• 
tions. More important, the LT1004 is an attractive 
device for 
use in systems where accuracy was 
preViously obtained at the expense of power consump- 
tion and trimming. 


For a low drift micropower reference with guaranteed 
temperaturecoefficient, seethe LT1034CS8data sheet. 
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LT1004CS8-1.2/ 
LT1004CS8-2.5 


Reverse Breakdown 
Current 
30mA 
Forward Current. 
. . . . . . . . . . . . . . . . . . . . . .. 
10mA 
Operating 
Temperature 
Range 
O°C to lO°C 
Storage Temperature 
Range 
-65°C 
to 150°C 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


PACKAGE/ORDER InFORmATiOn 


ORDER PART 


TOP VIEW 
NUMBER 
ocm 
LT1004CS8·1.2 


NC 
2 
7 
NC 
LT1004CS8·2.5 


NC 
3 
6 


NC 
4 
5 
(00 NOT USE) 


S6 PACKAGE 
PART MARKING 


PLASTIC SO 
0412 (1.2V VERSION) 
0425 (2.5V VERSION) 


LTlOO4-1.2 
lTlOO4-2.5 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vz 
Reverse Breakdown 
Voltage 
IR 
~ 
100~A 
1.231 
1.235 
1.239 
2.480 
2500 
2520 
V 


LT1004C O°C <; TA <; 70°C 
• 
1.225 
1.235 
1.245 
2.470 
2500 
2530 
V 


~Vz 
Average 
Temperature 
Coefficient 
Imin 
~ 
IR 
~ 
20mA 
20 
20 
ppm/oC 
~ Temp 


lrom 
Minimum 
Operating 
Current 
• 
8 
10 
12 
20 
~A 


~Vz 
Reverse Breakdown 
Voltage 
Imin 
~ 
IR 
~ 
1mA 
1 
1 
mV 


-:IT,;'" 
Change with Current 
• 
1.5 
1.5 
mV 


1mA <; IR <; 20mA 
10 
10 
mV 
• 
20 
20 
mV 


rz 
Reverse Dynamic 
Impedance 
IR 
~ 
100~A 
0.2 
0.6 
0.2 
06 
!l 
• 
1.5 
1.5 
n 


eo 
Wide Band Noise (RMS) 
IR 
~ 
100~A 
10Hz <; f <; 10kHz 
60 
120 
~V 


~Vz 
Long Term Stability 
IR 
~ 
100~A 
~ Time 
TA 
~ 
25°C 
+ O.l°C 
20 
20 
ppm/kHr 


The. 
denotes the specifications which apply over the full operating 
temperature range. 


Nole 1: All specifications 
are for TA ~ 
25 C unless otherwise noted. 


• 
0.2% Initial Tolerance Max 
• 
Guaranteed Temperature Stability 
• 
Maximum 0.60 
Dynamic Impedance 
• 
Wide Operating Current Range 
• 
Directly Interchangeable with LM 136 for Improved 
Performance 
• 
No Adjustments 
Needed for Minimum Temperature 
Coefficient 


• 
Reference for 5V Systems 
• 
8 Bit AI D and DI A Reference 
• 
Digital Voltmeters 
• 
Current Loop Measurement and Control Systems 
• 
Power Supply Monitor 


LT1009Series 


2.5 Volt Reference 


The LT1009 is a precision trimmed 2.500 Volt shunt regu- 
lator diode featuring a maximum initial tolerance of only 
± 5mV. The low dynamic impedance and wide operating 
current range enhances its versatility. The 0.2% 
refer- 


ence tolerance is achieved by on-chip trimming which not 
only minimizes the initial voltage tolerance but also mini- 
mizes the temperature drift. 


Even though no adjustments are needed with the LT1009, 
a third terminal allows the reference voltage to be ad- 
justed 
±5% to calibrate out system errors. 
In many 
applications, 
the LT1009 can be used as a pin-to-pin 
~ 
replacement of the LM136H-2.5 
and the external trim 
~ 
network eliminated. 


For a lower drift 2.5V reference, see the LT1019 data 
sheet. 


"OOES NOT AFFECT 
TEMPERATURE 
COEFFICIENT. 


±5% 
TRIM RANGE 


Output Voltage 


2.530 


:;- 


;:; 2.510 
'"c<~ 
o 
::::;2.500 
c.:>z 
w 
~ 
2.490 
wa: 


-~ 
-~ 
0 
~ 
~ 
~ 
100 
1~ 
TEMPERATURE 
(OC) 


Reverse Current. . . . . . . . . . . . . . . . . . . . . . . . 20mA 
Forward Current. . . . . . . . . . . . . . . . . . . . . . .. 
10mA 
Operating Temperature Range 
LT1009M 
-55°C 
to 125°C 
LT1009C 
O°Cto 70°C 
Storage Temperature Range 
LT1009M and C 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 


LT1009MH 
LT1009CH 


BonoM 
VIEW 
CIW 


Z PACKAGE 
TO-92 PLASTIC 


LT1009M. 
LT1009C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vz 
Reverse Breakdown Voltage 
TA=25°C,IR=1mA 
2.495 
2.500 
2.505 
2.495 
2.500 
2.505 
V 


I1Vz 
Reverse Breakdown Change with 
400iLAs IRS 10mA 
2.6 
6 
2.6 
10 
mV 


I1IR 
Current 
• 
3 
10 
3 
12 
mV 


rz 
Reverse Dynamic Impedance 
IR=1mA 
0.2 
0.6 
0.2 
1.0 
0 
• 
0.4 
1 
0.4 
1.4 
0 


I1Vz 
Temperature Stability 
TMINSTASTMAX 
• 
15 
1.8 
4 
mV 
I1Temp 
Average Temperature Coefficient 
0°CsTAs70°C 
15 
25 
15 
25 
ppm/oC 
-55°CsTAs 
125°C (Note 1) 
25 
35 
ppm/oC 


I1Vz 
Long Term Stability 
TA=25°C±0.1°C,IR=1mA 
20 
20 
ppm/kHr 
11Time 


The • 
denotes the specifications which apply over full operating 
temperature range. 


Note 1: Average temperature coefficient is defined as the total voltage 
change divided by the specified temperature range. 


Reverse Characteristics 


10-1 
Forward Characteristics 
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1//1 /V 
"1;= 
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Tj=25.dl 
'I I 
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REVERSE VOLTAGE (VI 
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Reverse Voltage Change 
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Zener Noise Voltage 
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1.=1mA 
Tj=25·C 
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~ 
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'"=z 


Switchable ± 1. 25V Bipolar Reference 


5V 


+5V-n 


-5V..J 
L 


PACKAGE DESCRIPTiOn 


H Package 
Metal Can 
QI::=:~:J 


1~~0178-0"5 


s~:~-~fr;o~=~~:' 


o 0 O_nl1~i,:o' 


(:::: 
=::::,--11.- 
I::::' 


DlA 
MAX 
0.100 
(2.540) 


Dimensions 
in inches (millimeters) 
unless otherwise 
noted. 


Z Package 
Plastic 


j-+----+t- 
0.175-0.185 
50NOM 


I 
I (4,«5-4.699) 
-=4 
.--,-r---, 
~ 
0.175 - 0.185 
I 
I 
0.065 
'•.••5- •.5••' 
I 
I 
1 (1.6511 
J. 


SEATING -i------.- 
L 
J ----.I. 
D1A 
----!.- 


PLAN' t 
f 
--t 
t 


~ 
0.090 
0.025 
NOM 


(l~i~OI I~~:' 
~ ~ ~ 
10M~J 
~ 


I 
UNCONTROLLED 
L- 
LEADDIA 
J 
JJ I.--~ 
--II-- 
0.0145-0.0155 


0.045-0.055 
~ 
(OT~~7) 
(O.3683;~.3937) 


(1.143-1.397) 
BEFORElEAD 


AMISH 


0.045-0.055 
I:FH- 
"~.'43_'.397) 


NOM 
----.t 


" 
3 
0.135-0.145 


lQoNOM LJ 
(3.429-3.683) 
lQoNDM 


• 
0.4% 
Initial Tolerance Max 
• 
Guaranteed 
Temperature Stability 
• 
Maximum 0.6n Dynamic Impedance 
• 
Wide Operating Current Range 
• 
Directly Interchangeable with LM336 for Improved 
Performance 
• 
No Adjustments 
Needed for Minimum Temperature 
Coefficient 


• 
Reference for 5V Systems 
• 
8 Bit A / D and D/ A Reference 
• 
Digital Voltmeters 
• 
Current Loop Measurement and Control Systems 
• 
Power Supply Monitor 


LT1009S8 


2.5 Volt Reference 


The LT1009 is a precision trimmed 2.500 Volt shunt regu- 
lator diode featuring a maximum initial tolerance of only 
± 1OmV.The low dynamic impedance and wide operating 
current 
range enhances its versatility. 
The 0.4% 
refer- 
ence tolerance is achieved by on-chip trimming which not 
only minimizes the initial voltage tolerance but also mini- 
mizes the temperature 
drift. 


Even though no adjustments are needed with the LT1009, 
a third terminal allows the reference voltage to be ad- 
justed 
±5% 
to calibrate 
out system errors. 
In many 
applications, 
the LT1009 can be used as a pin-to-pin 
replacement of the LM336-2.5 
and the external trim net- 
work eliminated. 
• 


2.5 Volt Reference 
Output Voltage 


2.530 


5V-35V 
2.520 


3.6k 
:;- 


;;; 
2.510 
GUARANTEED MAX 
'" 
OUTPUT 
c<!:l 
0 


10k' 
:::; 2.500 


LTlO09 
'-' 
TRIM 
z 
w 
~ 
2.490 
wa: 


':" 
2.480 


'DOES NOT AFFECT 
TEMPERATURE COEFFICIENT. 
±5% 
TRIM RANGE 
-50 
-25 
0 
25 
50 
75 
100 
125 
TEMPERATURE (OC) 


RtJverseCurrent. . . . . . . . . . . . . . . . . . . . . . . . 20mA 
Forward Current. 
10mA 
Operating Temperature Range 
O°C to lO°C 
Storage Temperature Range 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 


ORDER PART NUMBER 


TOPVIEW 


LT1009S8 
~m 


NC 2 
••• 
7 
NC 


NC 3 
6 


4 
5 
AIlJ 
PART MARKING 


58 PACKAGE 
1009 
PLASTICSO 


LT1009S8 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vz 
Reverse Breakdown Voltage 
TA=25°C,IR=lmA 
2.490 
2.500 
2.510 
V 


/';Vz 
Reverse Breakdown Change with Current 
400jtA"IR,,10mA 
2.6 
10 
mV 


""IR 
• 
3 
12 
mV 


rz 
Reverse Dynamic Impedance 
IR=lmA 
0.2 
1.0 
0 
• 
0.4 
1.4 
0 
~ 
Temperature Stability 
TMIN"TA"TMAX 
• 
1.8 
4 
mV 


""Temp 
Average Temperature Coefficient 
OOC"TA,,70°C(Note 
1) 
15 
25 
ppm/oC 


~ 
Long Term Stability 
TA= 25°C±0.1°C, 
IR = lmA 
20 
ppm/kHr 


""Time 


The. 
denotes the specifications 
which apply over the full operating 
temperature range. 


Note 1: Average temperature coefficient 
is defined as the total voltage 
change divided by the specified temperature range. 


LT1019 


Precision Reference 


• A to D and D to A Converters 
• Precision Regulators 
• Constant Current Sources 
• V to F Converters 
• Bridge Excitation 


DESCRIPTion 


The LT1019 is a third generation bandgap voltage refer- 
ence utilizing thin film technology and a greatly improved 
curvature correction technique. 
Wafer level trimming 
of 
both reference and output voltage combines to produce 
units with 
high yields to very low TC and tight initial 
tolerance of output voltage. 


The LT1019 can both sink and source up to 10mA and 
can be used in either the series or shunt mode. This 
allows the reference to be used for both positive and 
negative output voltages without 
external components. 
Minimum 
input-output 
voltage is less than 
1V in the 
series mode, providing 
improved tolerance of low line 
~ 
conditions. 
~ 


The Ln 019 is available in four voltages: 2.5V, 4.5V, 5V, 
and 10V. It is a direct replacement for most bandgap ref- 
erences presently 
available including 
AD580, 
AD581 , 


REF-01, REF-02, MC1400, 
MC1404 and LM168. 


For ultra low drift applications ( < 2ppm/OC), the Ln019 
can be operated in a heated mode by driving an internal 
resistor with an external amplifier. Chip temperature can 
be externally set for minimum power consumption. 


For a 6.2V version of the LT1019, consult the factory. 


FEATURES 


• Available at 2.5V, 4.5V, 5V, and 10V 
• Plug-In Replacement for Present References 
• Ultra Low Drift-3ppm/oC 
Typical 
• Curvature Corrected 
• Series or Shunt Operation 
• Ultra High Line Rejection"" 
1hppm/V 
• Low Output Impedance ",,0.020 
• Tight Initial Output Voltage <0.05% 
• Can be Heated for Drifts below 2ppm/oC 
• 100% Noise Tested 
• Temperature Output 
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TEMPERATURE1°C) 


ABSOLUTE mAXimum 
RATinGS 


Input Voltage 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . 40V 
Output Voltage (Note 1) 
LT1019-5, 
LT1019-10 
16V 
LT1019-2.5,LT1019-4.5 
7V 
Output Short Circuit Duration (Note 1) 
VIN ~ 20V 
Indefinite 
20V :sVIN :s35V . . . . . . . . . . . . . . . . . . . . .. 
10 sec 
Trim Pin Voltage 
±30V 
Temp Pin Voltage 
5V 
Heater Voltage 
(Continuous) 
18V 
(Intermittent-30sec.) 
32V 


TOP VIEW 


NC' 
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ORDERPART 
NUMBER 


LT1019AMH-10 
LT1019AMH-4.5 
LT1019MH-10 
LT1019MH-4.5 
LT1019ACH-10 
LT1019ACH-4.5 
LT1019CH-10 
LT1019CH-4.5 
LT1019AMH-5 
LT1019AMH-2.5 
LT1019MH-5 
LT1019MH-2.5 
LT1019ACH·5 
LT1019ACH-2.5 
LT1019CH-5 
LT1019CH-2.5 
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CONNECT 
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TOPVIEW LT1019ACN8-10 LT1019ACN8-4.5 


NC' 
1 
B 
NC' 
LT1019CN8-10 
LT1019CN8-4.5 


,NPUT 
2 
7 
HEATER LT1019ACN8-5 
LT1019ACN8-2.5 


TEMP 
3 
6 
OUTPUT LT1019CN8.5 
LT1019CN8-2.5 


GND 
4 
5 
TRIM 


PlASTIC OIP NB PACKAGE 
AVAILABLE 


',NTERNAllYCONNECTEO.QONOT 
IN SO PACKAGE 


CONNECT 
EXTERNAlLY. 


LTlO19A 
LTlO19 
SYMBOL PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output VoltageTolerance 
0.002 
0.05 
0.02 
0.2 
% 


Tc 
Output Voltage 
LT1019C (O°C to 70°C) 
• 
3 
5 
5 
20 
ppm/oC 
Temperature Coefficient 
LT1019M (-55°C 
to +125°C) 
• 
5 
10 
8 
25 
ppm/oC 
(Note 2) 


.1VOUT Line Regulation (Note 3) (VoUT+ 1.5V) :sV,N :s40V 
0.5 
3 
0.5 
3 
ppm/V 


.1V,N 
• 
1 
5 
1 
5 
ppm/V 


RR 
Ripple Rejection 
5OHz:sf:s400Hz 
90 
110 
90 
110 
dB 
• 
84 
84 
dB 


.1VOUT Load Regulation Series 
0:sloUT:sl0mA* 
0.02 
0.05 
0,02 
0.05 
mV/mA (0) 


.11OUT Mode (Notes 3 and 4) 
• 
0.08 
0.08 
mV/mA (0) 


Load Regulation. Shunt 
1mA :S ISHUNT:S 10mA 
2.5V. 4.5V. 5V • 
0.1 
0.4 
0.1 
0.4 
mV/mA 
(0) 


Mode 
(Notes4 and 5) 
10V. 
O.B 
0.8 
mV/mA 
(0) 


Themnal Regulation 
.1P=200mW 
0.1 
0.5 
0.1 
0.5 
ppm/mW 
(Note 6) 
t=50ms 


10 
Quiescent Current 
0,65 
1 
0.65 
1.2 
mA 
Series Mode 
• 
1.3 
1.5 
mA 


Minimum Shunt Current (Note 7) 
• 
0.5 
0.8 
0.5 
0,8 
mA 


Minimum Input-Output 
IOUT:s1mA 
• 
0.9 
1.1 
0.9 
1.1 
V 
Voltage Oifferential 
IOUT=10mA 
• 
1.3 
1.3 
V 
Trim Range 
LT1019-2.5 
±4 
±6 
±4 
±6 
% 


LT1019-5 
±4 
+5, 
-13 
±4 
+5. 
-13 
% 


LTlO19-10 
±4 
+5, 
-27 
±4 
+5, 
-27 
% 


Heater Resistance 
300 
400 
500 
300 
400 
500 
0 


Isc 
Short Circuit Current 
2V :sV,N :s35V 
15 
25 
50 
15 
25 
50 
mA 
Output Connected to 
• 
10 
10 
mA 
Ground 


en 
Output Voltage Noise 
10Hz:sf:s 
1kHz 
2.5 
4 
2.5 
4 
ppm (Ams) 


(Note 9) 
0.lHz:sf:sl0Hz 
2.5 
2.5 
ppm (p-p) 


Note 6: Thermal regulation is caused by die temperature gradients 
created by load current or input voltage changes. This effect must be 
added to normal line or load regulation. 


Note 7: Minimum shunt current is measured with shunt voltage held 
20mV below value measured at 1mA shunt current. 


Note 8: Minimum input-output voltage is measured by holding input 
voltage 0.5V above the nominal output voltage, while measuring 


VIN-VOUT· 
Note 9: RMS noise is measured with a single high pass filter at 10Hz 
and a 2-pole low pass filter at 1kHz. The resulting output is full wave 
rectified and then integrated for a fixed period, making the final reading 
an average as opposed to RMS. A correction factor of 1.1 is used to con- 
vert from average to RMS, and a second correction of 0.88 is used to 
correct for the non-ideal bandpass of the filters. 


The. 
denotes the specifications which apply over the full operating 
temperature range. 


Note 1: These are high power conditions and are therefore guaranteed 
only at temperatures equal to or below lOoe. Input is either floating, tied 
to output, or held higher than output. 


Note 2: Output voltage drift is measured using the box method. Output 
voltage is recorded at TMIN, 25°C, and TMAX.The lowest of these three 
readings is subtracted from the highest and the resultant difference is 
divided by (TMAX- TMIN). 


Note 3: Line regulation and load regulation are measured on a pulse 
basis with low duty cycle. Effects due to die heating must be taken into 
account separately. See thermal regulation and application section. 


Note 4: Load regulation is measured at a point 'I.' below the base of the 
package with Kelvin contacts. 


Note 5: Shunt regulation is measured with the input floating. This 
parameter is also guaranteed with the input connected (VIN- VOUT)> 1V, 
OmAS ISINKS 10mA. Shunt and sink current flow into the output. 


Quiescent Current (LTl019-2.5) 
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Quiescent Current (LT1019-4.5, 5) 
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Shunt Mode Characteristics 
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Shunt Mode Characteristics 
(LT1019-5) 
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Shunt Mode Characteristics 
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Line and Load Regulation 


Line regulation 
on the LT1019 is nearly perfect. 
A 10V 
change in input voltage causes a typical output shift of 
less than 5ppm. 
Load regulation 
(sourcing 
current) 
is 
nearly as good. A 5mA change in load current shifts out- 
put voltage by only 100ItV. These are electrical effects, 
measured with low duty cycle pulses to eliminate heating 
effects. 
In real world applications, 
the thermal effects of 
load and line changes must be considered. 


Two separate thermal effects are evident in monolithic cir- 
cuits. 
One is a gradient effect, where power dissipation 
on the die creates temperature 
gradients. 
These gradi- 
ents can cause output voltage shifts even if the overall 
temperature 
coefficient 
of the reference is zero. 
The 
LT1019, 
unlike 
previous 
references, 
specifies 
thermal 
regulation 
caused 
by die temperature 
gradients. 
The 
specification 
is O.5ppm/mW. 
To calculate the effect on 


output 
voltage, 
simply 
multiply 
the change 
in device 
power dissipation by the thermal regulation specification. 
Example: a 10V device with a nominal input voltage of 
15V and load current of 5mA. Find the effect of an input 
voltage change of 1V and a load current change of 2mA. 


.::lP(line change) = (.::lVIN)(1LOAD) = (1V)(5mA) =5mW 


.::lVOUT= (0.5ppm/mW)(5mW) 
=2.5ppm 


.::lP(load change) = (.::lILOAD)(VIN - Your) 


=(2mA)(5V)=10mW 


.::lVOUT= (0.5ppm/mW)(10mW) 
=5ppm 


Even though these effects are small, they should be taken 
into account in critical applications, 
especially where in- 
put voltage or load current is high. 


The second thermal 
effect 
is overall die temperature 
change. The magnitude of this change is the product of 
change in power dissipation times the thermal resistance 
(8JA) 
of the IC package:::(100°C/W-150°C/W). 
The 
effect on reference output is calculated by multiplying 
die 
temperature change by the temperature drift specification 
of the reference. Example: same conditions as above with 
8JA=150°C/W 
and an LT1019 with 20ppm/oC 
drift 
specification. 


.::lP (line change)=5mW 


.::lVOUT= (5mW)(150°C/W)(20ppm/°C) 


=15ppm 


.::lP(load change) = 10mW 


.::lVOUT= (10mW)(150°C/W)(20ppm/°C) 


=30ppm 


These calculations 
show that thermally 
induced output 
voltage variations can easily exceed the electrical effects. 
In critical applications 
where shifts in power dissipation 
are expected, a small clip-on heat sink can significantly 
improve these effects by reducing overall die temperature 
change. 
Alternately, 
an LT1019A can be used with 4 
times lower TC. If warm-up 
drift is of concern, 
these 
measures will also help. With warm-up drift, total device 


power dissipation 
must be considered. 
In the example 
given, warm-up 
drift (worst-case) 
is equal to: 


Warm-up drift = [(VIN )(10) + (VIN - VOUT)(1LOAD)] 


[(8JA)(TC)] 


with 10 (quiescent current) =0.6mA, 


warm-up drift = [(15V)(0.6mA) 
+ (5V)(5mA)] 


[(150°C/W)(25ppm/oC)] 


=127.5ppm 


Note that 74% of the warm-up drift is due to load current 
times input-output 
differential. 
This emphasizes the im- 
portance of keeping both these numbers 
low in critical 
applications. 
With heavy loads, warm-up drift can also be 
improved using the technique described under" 
Driving Ell 
Loads Above 10mA", 
or by heat sinking. 


Note that line regulation is now affected by reference out- 
put impedance. 
R1 should have a wattage 
rating high 
enough to withstand 
full input voltage if output shorts 
must be tolerated. Even with load currents below 10mA, 
R1 can be used to reduce 
power 
dissipation 
in the 
LT1019 for lower warm-up 
drift, etc. 


Output Trimming 


Output voltage trimming 
on the LT1019 is nominally ac- 
complished with a potentiometer connected from output 
to ground with the wiper tied to the trim pin. The LT1019 
was made compatible 
with existing 
references, 
so the 
trim range is large: 
+6%, 
-6% 
for the LT1019-2.5, 


+5%, 
-13% 
for the LT1019-5, and +5%, 
-27% 
for 


the LT1019-10. 
This large trim range makes precision 
trimming rather difficult. 
One solution is to insert resistors 
in series with both ends of the potentiometer. This has the 
disadvantage 
of potentially 
poor tracking 
between the 
fixed resistors and the potentiometer. A second method of 
reducing trim range is to insert a resistor in series with 
the wiper of the potentiometer. 
This works well only for 
very small trim range because of the mismatch 
in TCs 
between the series resistor 
and the internal 
thin film 
resistors. These film resistors can have a TC as high as 
500ppm/oC. 
That same TC is then transferred 
to the 
change in output voltage; a 1% shift in output voltage 


APPLICATions InFoRmATion 


causes a (500ppm) 
(1 %) = 5ppm/oC 
change in output 
voltage drift. The worst-case error in initial output voltage 
for the Ln019 
is 0.2%, 
so a series resistor is satisfac- 
tory if the output 
is simply 
trimmed 
to nominal value. 


1ppm/oC 
TC shift would be the maximum expected. 


Using the Temp Pin 


The LT1019 has a TEMP pin like several other bandgap ref- 
erences. The voltage on this pin is directly proportional to 
absolute temperature (PTAT) with a slope of "" 2.1 mV1°C. 
Room 
temperature 
voltage 
is 
therefore 
""(295°K) 
(2.1 mV1°C) = 620mV. Previous bandgap references have 
been very sensitive to any loading on the TEMP pin because 
it is an integral part of the reference "core" 
itself. The 
Ln 019 "taps" 
the core at a special point which has much 
less effect on the reference. The relationship between TEMP 
pin loading and a change in reference output voltage is less 
than 0.05%/pA, 
about 10 times improvement over previ- 
ous references. 


The TEMP pin can be used to sense chip temperature 
in 
applications 
where the chip is forced to constant temper- 
ature (see' 'Heated Mode' ') or to sense ambient temper- 
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V,N 
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GNOTRIM 
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LT1019·5 


V,N 
IN 


Vour 


41.2k 
1% 


ature in applications 
where the temperature 
difference 
between 
chip and ambient 
is tolerable 
or can be cali- 
brated out. Typical chip temperature 
rise over ambient is 
:: 2°C with no output load and 15V input voltage, but it 
could be as high as 6°C with a 5mA load and 5V input- 
output differential. 
A Centigrade thermometer 
is shown in 
the application circuits. 
This particular configuration 
has 
the advantage of trimming 
"zero" 
and "slope" 
simul- 
taneously. The PTAT nature of the TEMP pin output has a 
known predictable 
relationship 
between initial zero error 
and slope. This circuit takes advantage of that relation- 
ship by trimming 
at a point that corrects the zero and 
slope errors simultaneously. 


A simple over-temp circuit is also shown in the applica- 
tion section using an Ln 011 comparator. This circuit is 
intended to be an ambient sensor, so temperature 
rise in 
the reference must be considered when setting trip level. 
R2B is adjusted by connecting a DVM across the inputs of 
the comparator 
and setting the DVM to read 2.1 mV for 
each degree above room temperature. 
A 70°C trip would 
require 
(2.1mV)(70°C-22°C)=101mV. 
R3 provides 
about 1°C hysteresis to prevent oscillations. 
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FEATURES 


• Pin Compatible with Most Bandgap Reference 
Applications, 
Including 
Ref 01, Ref 02, LM368, 


MC1400, 
and MC1404, with Greatly Improved 
Stability, Noise, and Drift 
• Ultra Low Drift-2ppm/oC 
Max Slope 
• Trimmed Output Voltage 
• Operates in Series or Shunt Mode 
• Output Sinks and Sources in Series Mode 
• Very Low Noise < 1ppm p-p (0.1 Hz to 10Hz) 
• >100dB Ripple Rejection 
• Minimum 
Input-Output 
Differential of lV 
• 100% Noise Tested 


APPLICATions 


• A to D and D to A Converters 
• Precision Regulators 
• Digital Voltmeters 
• Inertial Navigation Systems 
• Precision Scales 
• Portable Reference Standard 


LT1021 


Precision Reference 


DESCRIPTion 


The LT1021 is a precision reference with ultra low drift 
and noise, extremely good long term stability, and almost 
total immunity to input voltage variations. 
The reference 
output will both source and sink up to 10mA. Three volt- 
ages are available; 5V, 7Vand 10V. The 7V and 10V units 
can be used as shunt regulators 
(two terminal 
zeners) 
with the same precision characteristics 
as the three ter- 
minal connection. 
Special care has been taken to mini- 


mize thermal regulation effects and temperature 
induced 
hysteresis. 


The LTl 021 references are based on a buried zener diode 
structure 
which eliminates 
noise and stability 
problems 
associated with surface breakdown 
devices. 
Further, a Ell 
subsurface 
zener exhibits 
better temperature 
drift and 
time stability than even the best band-gap references. 


Unique circuit design makes the LTl 021 the first IC refer- 
ence to offer ultra low drift without the use of high power 
on-chip heaters. 


The LT1021-7 uses no resistive divider to set output volt- 
age, and therefore exhibits the best long term stability and 
temperature hysteresis. The LT1021-5 and LT1021-10 are 
intended for systems requiring a precise 5V or 10V refer- 
ence, with an initial tolerance as low as ±0.05%. 


Basic Positive and 
Negative Connections 
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OUTPUT DRIFT (ppm'"C) 


ABSOLUTEmAXimum 
RATinGS 


Input Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40V 
Input-Output 
Voltage Differential 
35V 
Output to Ground Voltage (Shunt Mode Current Limit) 


LT1021-5 
10V 
LT1021-7 
10V 
LT1021-10 
16V 
Trim Pin to Ground Voltage 
Positive 
Equal to VOUT 
Negative. 
. . . . . . . . . . . . . . . . . . . . . . . . . .. 
- 20V 
Output Short Circuit Duration 
VIN =35V 
10sec 
VIN5 20V 
Indefinite 
Operating Temperature Range 
LT1021 Mil 
-55°Ct0125°C 
LT1021 Comm 
O°Ct070°C 
Storage Temperature Range 
All Devices. 
. . . . . . . . . . . . . . . .. 
- 65°C to 150°C 
Lead Temperature (Soldering, 
10sec.) 
300°C 


TOP VIEW 
NC' 
8 


4 


GNO 


METAL 
CAN H PACKAGE 


·CONNECTED 
INTERNAllY. 
00 


NOT CONNECT 
EXTERNAL 
CIRCUITRY 


TO THESE 
PINS. 


uNO 
TRIM PIN ON lTl021-7. 
00 NOT 


CONNECT 
EXTERNAL 
CIRCUITRY 
TO 


PIN SON LT1021-7. 


TOP VIEW 


NC'08NC' 
VIN 2 
7 
Ne· 


He· 
3 
6 
VOUT 


GNQ 
4 
5 
TRIMo• 


PlASTIC 
DIP H8 PACKAGE 


·CONNECTED 
INTERNAllY. 
DO 


NOT CONNECT 
EXTERNAL 
CIRCUITRY 


TO THESE 
PIN$ 


uNO 
TRIM PIN ON LT1021-7. 
00 NOT 


CONNECT 
EXTERNAL 
CIRCUITRY 
TO 


PIN 5 ON LT1021-7. 


LT1021AMH-10 
LT1021BMH-10 
LT1021CMH-10 
LT1021DMH-10 
LT1021ACH-1 0 
LT1021BCH-10 
LT1021CCH-10 
LT1021DCH-10 


LT1021AMH-7 
LT1021BMH-7 
LT1021DMH-7 
LT1021ACH-7 
LT1021 BCH-7 
LT1021DCH-7 


LT1021 BMH-5 
LT1021CMH-5 
LT1021 DMH-5 
LT1021 BCH-5 
LT1021CCH-5 
LT1021 DCH-5 


LT1021 BCN8-5 
LT1021 CCN8-5 
LT1021 DCN8-5 


LT1021 BCN8-7 
LT1021 DCN8-7 


LT1021BCN8-10 
LT1021CCN8-10 
LT1021DCN8-10 


lT1021-5 
UNITS 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 


Output Voltage (Note 1) 
LT1021C-5 
4.9975 
5.000 
5.0025 
V 
LT1021B-5, D-5 
4.95 
5.00 
5.05 
V 


Output Voltage Temperature 
TMIN ",;TJ",;T MAX 


Coefficient (Note 2) 
LT1021B-5 
2 
5 
ppm/oC 
LT1021C-5, D-5 
3 
20 
ppm/oC 


line Regulation (Note 3) 
7.2V ",;V1N",; 10V 
4 
12 
ppm/V 
• 
20 
ppm/V 
10V",;V1N",;40V 
2 
6 
ppm/V 
• 
10 
ppm/V 


Load Regulation (Sourcing Current) 
0",; lOUT"';10mA 
10 
20 
ppm/mA 
(Note 3) 
• 
35 
ppm/mA 


Load Regulation (Sinking Current) 
0",; lOUT"';10mA 
60 
100 
ppm/mA 


(Note 3) 
• 
150 
ppm/mA 


Supply Current 
0.8 
1.2 
mA 
• 
1.5 
mA 
Output Voltage Noise (Note 5) 
0.1Hz",;f",; 
10Hz 
3 
"Vp-p 
10Hz",;!",; 1kHz 
2.2 
3.5 
"Vrms 
Long Term Stability of 
L1t=1000 
Hrs 
15 
ppm 
Output Voltage (Note 6) 
Non-Cumulative 


Temperature Hysteresis of Output 
L1T= ± 25°C 
10 
ppm 


ELECTRICAL CHARACTERISTICS 
LT1021-7 


VIN =12V, 
IOUT=O, 
TA = 25°C, 
Mil or Comm version, 
unless otherwise 
noted 


lTlO21-7 
UNITS 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 


Output Voltage (Note 1) 
6.95 
7.00 
7.05 
V 


Output Voltage Temperature 
TMIN:sTJ:sT MAX 


Coefficient (Note 2) 
LT1021A-7 
1 
2 
ppm/oC 


LT1021B-7 
2 
5 
ppm/oC 


LT10210-7 
3 
20 
ppm/oC 


Line RegUlation (Note 3) 
8.5V :sV1N:s 12V 
1 
4 
ppm/V 
• 
2 
8 
ppm/V 


12V:sV1N:s40V 
0.5 
2 
ppm/V 
• 
1 
4 
ppm/V 


Load Regulation (Sourcing Current) 
O:s 10UT:S10mA 
12 
25 
ppm/mA 


(Note 3) 
• 
40 
ppm/mA 


Load Regulation (Shunt Mode) 
1.2mA :SISHUNT:S10mA 
50 
100 
ppm/mA 


(Notes 3, 4) 
• 
150 
ppm/mA 


Supply Current (Series Mode) 
0.75 
1.2 
mA 
• 
1.5 
mA 


Minimum Current (Shunt Mode) 
V1Nis Open 
0.7 
1.0 
mA 
• 
1.2 
mA 


Output Voltage Noise (Note 5) 
0.lHz:sf:sl0Hz 
4 
j.tVp-p 


10Hz:sf:slkHz 
2.5 
4 
j.tVrms 


Long Term Stability of 
.1t=1000 
Hrs 
7 
ppm 
Output Voltage (Note 6) 
Non-Cumulative 


Temperature Hysteresis of Output 
.1T= ± 25°C 
3 
ppm• 


ELECTRICAL CHARACTERISTICS 
LT1021-10 


VIN =15V, 
IOUT=O, 
TA = 25°C, 
Mil or Comm version, 
unless otherwise 
noted 


PARAMETER 
CONDITIONS 
lT1021-10 


MIN 
TYP 
MAX 
UNITS 


Output Voltage (Note 1) 
LT1021C-l0 
9995 
1000 
10.005 
V 
LT1021A-l0, 
B-l0, 
0-10 
9.95 
10.00 
10.05 
V 


Output Voltage Temperature 
TMIN:sTJ:sT MAX 


Coefficient (Note 2) 
LT1021A-l0 
1 
2 
ppm/oC 


LT1021B-l0 
2 
5 
ppm/oC 
LT1021C-l0, 
0-10 
5 
20 
ppm/oC 


Line Regulation (Note 3) 
11.5V:sV1N:s14.5V 
1 
4 
ppm/V 


• 
6 
ppm/V 
14.5V :sV1N:s40V 
0.5 
2 
ppm/V 
• 
4 
ppm/V 


Load RegUlation (Sourcing Current) 
O:s 10UT:S10mA 
12 
25 
ppm/mA 
(Note 3) 
• 
40 
ppm/mA 


Load Regulation (Shunt Mode) 
1.7mA:s ISHUNT:S10mA 
50 
100 
ppm/mA 


(Notes 3, 4) 
• 
150 
ppm/mA 
Series Mode Supply Current 
1.2 
1.7 
mA 
• 
2.0 
mA 
Shunt Mode Minimum Current 
V1Nis Open 
1.1 
1.5 
mA 
• 
1.7 
mA 
Output Voltage Noise (Note 5) 
0.lHz:sf:sl0Hz 
6 
j.tVp-p 
O.lHz:sf:slkHz 
3.5 
6 
j.tVrms 
Long Term Stability of 
.1t-l000 
Hrs 
15 
ppm 
Output Voltage (Note 6) 
Non-Cumulative 


Temperature Hysteresis of Output 
.1T= ±25°C 
5 
ppm 


LT1021 


The. 
denotes the specifications which apply over the full operating 
temperature range. 


Note 1: Output voltage is measured immediately after turn-on. Changes 
due to chip warm-up are typically less than 0.005%. 


Note 2: Temperature coefficient is measured by dividing the change in 
output voltage over the temperature range by the change in temperature. 
Separate tests are done for hot and cold; TMIN to 25°C, and 25°C to 
TMAX. Incremental slope is also measured at 25°C. For the "A" 
version 
only, a box method is used from O°C to lO°C with a height of 
2ppm/oC x lO°C = 140ppm. Military "A" 
grades receive an additional 
-55°C 
to +125°Ctestto 
±5ppm/oC. 


Note 3: Line and load regulation are measured on a pulse basis. Output 
changes due to die temperature change must be taken into account 
separately. Package thermal resistance is 150°C/W 
for TO-5 (H), and 
130°C/W 
for N. 


Note 4: Shunt mode regulation is measured with the input open. With 
the input connected, shunt mode current can be reduced to OmA. Load 
regulation will remain the same. 


Note 5: RMS noise is measured with a single high pass filter at 10Hz 
and a 2-pole low pass Wter at 1kHz. The resuiting output is full wave 
rectified and then integrated for a fixed period, making the final reading 
an average as opposed to RMS. A correction factor of 1.1 is used to con- 
vert from average to RMS, and a second correction of 0.88 is used to 
correct for the non-ideal bandpass of the filters. 


Peak-to-peak noise is measured with a single high pass filter at 0.1 Hz 
and a 2-pole low pass filter at 10Hz. The unit is enclosed in a still-air 
environment to eliminate thermocouple effects on the leads. Test time is 
10 seconds. 
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Effect of Reference 
Drift on System Accuracy 


A large portion of the temperature 
drift error budget in 
many systems 
is the system 
reference 
voltage. 
This 
graph 
indicates 
the maximum 
temperature 
coefficient 
allowable if the reference is to contribute 
no more than 
'hLSB error to the overall system performance. 
The ex- 
ample shown is a 12-bit system designed to operate over 
a temperature 
range from 25°C to 65°C. Assuming the 
system calibration is performed at 25°C, the temperature 
span is 40°C. 
It can be seen from the graph that the 
temperature coefficient of the reference must be no worse 
than 3ppml 
°C if it is to contribute less than 
112 LSB error. 


Forthis reason, the LT1021 family has been optimized for 
low drift. 
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The LT1021-1 0 has a trim pin for adjusting output volt- 
age. The impedance of the trim pin is about 12kO with a 
nominal open circuit voltage of 5V. It is designed to be 
driven from a source impedance of 3kO or less to mini- 
mize changes in the LT1021 TC with output trimming. 
Attenuation between the trim pin and the output is 70:1. 
This allows ± 70mV trim range when the trim pin is tied 
to the wiper of a potentiometer 
connected between the 
output 
and ground. 
A 10kO potentiometer 
is recom- 
mended, 
preferably 
a 20 turn cermet type with stable 
characteristics 
over time and temperature. 


The LT1021-10 
"C" 
version is pre-trimmed 
to ±5mV 
and therefore can utilize a restricted trim range. A 75kO 
resistor 
in series with a 20kO potentiometer 
will give 
± 10mV trim range. Effect on output TC will be only 
1ppm/oC 
for the 
±5mV 
trim needed to set the "C" 


device to 1O.OOOV. 


The LT1021-5 does have an output voltage trim pin, but 
the TC of the nominal4V open circuit voltage at this pin is 
about -1.7mV 
1°C. For the voltage trimming 
not to af- 
fect reference output TC, the external trim voltage must 
track the voltage on the trim pin. Input impedance of the 
trim pin is about 1OOkOand attenuation to the output is 
13: 1. The technique shown below is suggested for trim- 
ming the output of the LT1021-5 while maintaining mini- 
mum shift in output temperature coefficient. 
The R1I R2 
ratio is chosen to minimize interaction of trimming and TC 
shifts, so the exact values shown should be used. 


The 7V version of the LT1021 has no trim pin because the 
internal architecture does not have a point which could be 
driven 
conveniently 
from 
the output. 
Trimming 
must 
therefore be done externally, as is the case with ordinary 
reference diodes. Unlike these diodes, however, the out- 
put of the LT1021 can be loaded with a trim potentiom- 
eter. The following 
trim techniques 
are suggested; 
one 
for voltage output, and one for current output. The volt- 
age output is trimmed for 6.95V. Current output is 1mA, 
as shown, into a summing junction, 
but all resistors may 
be scaled for currents up to 10mA. 


Both of these circuits 
use the trimmers 
in a true poten- 
tiometric 
mode to reduce the effects of trimmer TC. The 
voltage output has a 2000 
impedance, 
so loading must 
be minimized. 
In the current 
output 
circuit, 
R1 deter- 
mines output current. 
It should have a TC commensurate 
with 
the 
LT1021 
or track 
closely 
with 
the feedback 
resistor around the op amp. 
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Capacitive 
Loading and Transient Response 


The LT1021 is stable with all capacitive loads, but for opti- 
mum 
settling 
with 
load transients, 
output 
capacitance 
should be under 1000pF. The output stage of the reference 
is class AB with a fairly low idling current. This makes tran- 
sient response worst-case at light load currents. Because of 


internal current drain on the output, actual worst-case oc- 
curs at ILOAD=0 on LT1021-5, ILOAD= -0.8mA 
(sinking) 
on LT1021-7, and ILOAD= 1.4mA (sinking) on LT1021-10. 
Significantly 
better load transient response is obtained by 
moving slightly away from these points. See Load Transient 
Response curves for details. 
In general, 
best transient 
response is obtained when the output is sourcing current. In 
critical applications, 
a 10J-tf solid tantalum capacitor with 
several ohms in series provides optimum output bypass. 


Although 
the LT1021 
does not have true force/sense 
capability 
at its outputs, 
significant 
improvements 
in 
ground 
loop and line loss problems 
can be achieved Ell 
with 
proper 
hook-up. 
In series 
mode operation, 
the 
ground 
pin of the LT1021 carries 
only"" 
1mA and can 
be used as a sense line, greatly 
reducing 
ground 
loop 
and loss problems 
on the low side of the reference. 
The 
high side supplies 
load current 
so line resistance 
must 
be kept low. Twelve feet of # 22 gauge hook up wire or 
1 foot of 0.025 inch printed circuit trace will create 2mV 
loss at 1OmA output current. 
This is equivalent 
to 1LSB 
in a 10V, 12-bit 
system. 


The circuits 
below show 
proper 
hook up to minimize 
errors due to ground loops and line losses. Losses in the 
output lead can be greatly reduced by adding a PNP boost 
transistor 
if load currents 
are 5mA or higher. 
R2 can be 
added to further reduce current in the output sense lead. 


Effects of Air Movement 
on Low Frequency 
Noise 


The LT1021 has very low noise because of the buried 
zener used in its design. 
In the 0.1Hz to 10Hz band, 


peak-to-peak 
noise is about 0.5ppm of the DC output. To 
achieve this low noise, however, care must be taken to 
shield the reference from ambient 
air turbulence. 
Air 
movement can create noise because of thermoelectric dif- 
ferences 
between 
IC package 
leads (especially 
kovar 
lead TO-5) and printed circuit 
board materials and / or 
sockets. Power dissipation in the reference, even though 
it rarely exceeds 20mW, is enough to cause small tem- 
perature gradients 
in the package leads. Variations 
in 
thermal resistance, caused by uneven air flow, create dif- 
ferentiallead 
temperatures, 
thereby causing thermoelec- 
tric voltage noise at the output of the reference. The XV 
plotter trace shown below dramatically illustrates this ef- 
fect. The first half of the plot was done with the LT1021 


shielded from ambient air with a small foam cup. The cup 
was then removed for the second half of the trace. Ambi- 
ent in both cases was a lab environment with no exces- 
sive 
air turbulence 
from 
air 
conditioners, 
opening / 
closing doors, etc. Removing the foam cup increases the 
output 
noise by almost an order of magnitude 
in the 
0.01 Hz to 1Hz band! The kovar leads of the TO-5 (H) 
package are the primary culprit. Alloy 42 and copper lead 
frames used on dual-in-line 
packages are not nearly as 
sensitive to thermally generated noise because they are 
intrinsically 
matched. 


There is nothing magical about foam cups-any 
enclo- 
sure which 
blocks air flow from the reference will do. 


Smaller enclosures are better since they do not allow the 
build-up of internally generated air movement. Naturally, 
heat generating 
components 
external to the reference 
itself should not be included inside the enclosure. 


Noise Induced by Air 
Turbulence 
(TO-5 Package) 


LT1021-7 
(TO-5 PACKAGE) 


f=0.01Hz 
TO 10Hz 


20pV 
I- FOAM CUP REMOVEO 
I 
~ 
..l 


t 
IV' 
~ W"'\ 


·CAN BE RAISED TO 
20kO FOR LESS 
CRITICAL APPLICATIONS 


V+>«VOUT+l.8V) 


Rl 


2200 


V+ ><VOUT+2.8V 


L~~·~~ 


10V 
@10DmA 


2"F 
SOLID 
TANT 


10V 
@lOOmA 


2"F 
SOLID 
TANT 


LT1021 


'OUT=lmA 
REGULATION < lppm/V 
COMPLIANCE = -13V 
TO +7V 


"SELECT 
Rl TO OELIVER TYPICAL 
LOAD CURRENT. 


LT1021 
WILL THEN SOURCE OR SINK AS NECESSARY 
TO MAINTAIN 
PROPER OUTPUT. 
00 NOT REMOVE LOAO 
AS OUTPUT WILL 
BE ORIVEN UNREGULATED 
HIGH. LINE 
REGULATION 
IS DEGRADED IN THIS APPLICATION. 


I 28mA 


+ 
285mA- 


"THIS 
RESISTOR PROVIDES POSITIVE FEEDBACK TO 
THE BRIDGE TO ELIMINATE 
LOADING EFFECT OF 


THE AMPLIFIER. 
EFFECTIVE Z'N OF AMPLIFIER 
STAGE IS", 
lMIl. 
IF R2-R5 
ARE CHANGED, 
SET R6= 
R3. 


""BRIOGE 
IS ULT-RA LINEAR WHEN ALL LEGS ARE 
ACTIVE, 
TWO IN COMPRESSION 
AND TWO IN TENSION, 
OR WHEN ONE SIDE IS ACTIVE WITH ONE COMPRESSED 
AND ONE TENSIONED 
LEG. 


'OFFSET 
AND DRIFT OF LM301A 
ARE VIRTUALLY 
ELIMINATED 
BY DIFFERENTIAL 
CONNECTION OF LT1012C. 


LTl021-10 


OUT 
IN 
+20V 


R5 


R3·· 
R4 
200k 


5k r -, 


4.75k 
1% 


1% 


I 
Rs' 
I 


1000 
I 
@O·CI 
R6 


-.J 


~19k 


R7 L 
1% 


392k 
10/. 


-15V 


'=' 


Restricted 
Trim Range for Improved 
Resolution, 
10V, "e" Version Only 


'STANDARD 
INDUSTRIAL 
1000 PLATINUM 
4-WIRE SENSOR, 


ROSEMOUNT 78S, OR EOUIVALENT. 
0<=0.00385 


TRIM R9 FOR VOUT=O 
@O·C 


TRIM R12 FOR VOUT=10V 
@ loo·C 


TRIM R14 FOR VOUT=5V 
@ 50·C 


USE TRIM SEQUENCE AS SHOWN. TRIMS ARE NON-INTERACTIVE 
so THAT ONLY ONE TRIM SEQUENCE IS NORMALLY REQUIRED. 


·FEEDBACK 
LINEARIZES OUTPUT TO ±O.005·C 
FROM 


-50·C 
TO + 150·C 


··WIREWOUND 
RESISTORS WITH LOW TC 


·MUST 
BE WELL REGULATED 


~ 
15mV 
dV- 
= 
V 


Negative Shunt Reference Driven 
by Current Source 


LT1021 


V,N 
IN 
OUT 


LT1021-10 


OUT 


OUT 
.... 


LT102HO 


TRIM 


R1 
GNO 
4.99k 
1% 


REF 


R2 
40.20 
1% 


1.2k 


-15V 


R4' 
1000 
FULLSCALE 
ADJUST 
CMOS 
OAC 
7520. ETC. 


'TC LESS THAN 200ppm/'C 


"NO 
ZERO ADJUST REOUIRED 
WITH LT1007 (VOSs60~V) 


lTl02HO 


+15V 
IN 
OUT 


50k 
ROOM TEMP 
TRIM 


10k 
10.36k 
1% 
1% 


02 
200k 
lN457 
1% 


50k 


llmA 


·TRIMS 
lmA 
REFERENCE CURRENT 
TC BY %40ppm/"C. 
THIS TRIM 
SCHEME HAS VERY LITTLE EFFECT ON ROOM 
TEMPERATURE CURRENT TO MINIMIZE 
ITERATIVE 


TRIMMING. 


III 


H Package 
Metal Can 


~ 
~ 0,..10'" 
~=rI'~r"1 
J 
I 
0.040 
0.060 


....-(1.016jMAX 
(1.524) 


SO 
0310-0400 
~ 
rI9400-10161--' 


(0508) 
_Ir 0005 


o 155!0 175 
Mtl~ 
----. 
(DM'I~7) 


(3931-4445) 


I 
0 "'£0 
145 


~JJjtl::~;::'~I~3) 


(~~) 
0.014-0.023 


TYP 
(0.356-0.584) 


TYP 


0.165-0.185 
(4.191-4.699) 


I 
0.500-0.750 
(12.70-19.D5) 


t 


N8 Package 
8 Lead Plastic 


Pi 


'O.5. 


, 
. 
, 
. 
, 
, 


II 
II 
-Jtoo-w j:- 
0.008-0.015 
(0.203-0.381) 
TYP 


0.290-0.310 
(7.366-7.874) 


• 
Low Drift-20ppm/oC 
Max Slope> 
• Trimmed Output Voltage> 
• Operates in Series or Shunt Mode 
• Output Sinks and Sources in Series Mode 
• Very Low Noise <1ppm p.p (0.1Hzto 10Hz) 
• >100dB Ripple Rejection 
• Minimum Input·Output Differential of 1V 
• 100% Noise Tested 


• A to Dand Dto A Converters 
• Precision Regulators 
• Digital Voltmeters 
• Inertial Navigation Systems 
• Precision Scales 
• 
Portable Reference Standard 


'Units specified at10ppm/oC maximum drift and 0.1% output voltage toler- 
ance are available on request. 


LT1021DCS8 


Precision Reference 


The LT1021is a precision reference with ultra low drift and 
noise, extremely good long term stability, and almost total 
immunity to input voltage variations. The reference output 
will both source and sink up to 10mA. Three voltages are 
available; 5V, 7V and 10V.The 7V and 10V units can be 
used as shunt regulators (two terminal zeners) with the 
same precision characteristics as the three terminal con· 
nection. Special care has been taken to minimize thermal 
regulation effects and temperature induced hysteresis. 


The LT1021 references are based on a buried zener diode 
structure which eliminates noise and stability problems 
associated with surface breakdown devices. Further, a 
subsurface zener exhibits better temperature drift and Ell 
time stability than even the best band·gap references. 


Unique circuit design makes the LT1021the first IC refer- 
ence to offer ultra low drift without the use of high power 
on-chip heaters. 


The LT1021·7uses no resistive divider to set output volt· 
age, and therefore exhibits the best long term stability and 
temperature hysteresis. The LT1021·5and LT1021·10are 
intended for systems requiring a precise 5V or 10V refer· 
ence, with an initial tolerance as low as 0.05%.> 


Basic Positive and 
Negative Connections 


LT1021 


IN 
OUT 


?3V 
LT1021-5 


VOUT 
IN 
OUT 


'=' 


GND 


-5V 


Rl = 
VOUT- 
(V-) 
R1 
ILOAO+ 1.5mA 


(V-) 


Output Noise 0.1Hz 
to 10Hz-LT1021·10 


LT1021 
(7 AND 10 ONLY) 


NC 
IN 
OUT 


FILTERING = 1 ZERO AT 0.1 Hz 
2 POLES AT 10Hz 


T 
T 


-lO"Vrppm) 


1 


nD~"""U •C IIInA.lllum 
"" Im\:i~ 


Input Voltage 
40V 
Input·Output Voltage Differential 
35V 
Output to Ground Voltage (Shunt Mode Current Limit) 
LT1021·5 
10V 
LT1021·7 
JOV 
LT1021·10 
16V 
Trim Pin to Ground Voltage 
Positive 
Equal to Your 
Negative 
- 20V 
Output Short Circuit Duration 
VIN=35V 
10sec 
VIN$20V 
Indefinite 
Operating Temperature Range 
O°Cto 70°C 
Storage Temperature Range 
All Devices 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


TOP VIEW 
ORDER PART 
".[)". 


NUMBER 


V,N 
2 
7 
NC' 
LT1021DCS8·5 
NC' 
3 
6 
VOUT 
LT1021DCS8·7 


GND 
4 
5 
TRIM" 
LT1021DCS8·10 


58 PACKAGE 
PLASTIC SO 
PART MARKING 


'CONNECTED 
INTERNALLY. 
DO 


NOT CONNECT EXTERNAL CIRCUITRY 
2105 (5V VERSION) 
TO THESE PINS. 


"NO 
TRIM PIN ON LT1021·7. 
DO NOT 
2107 (7VVERSION) 


CONNECT EXTERNAL CIRCUITRY 
TO 
2110 (10V VERSION) 
PIN 5 ON LT1021·7. 


LT1021D·5 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output Voltage (Note 1) 
4.95 
5.00 
5.05 
V 


Output Voltage Temperature 
0°C"hs70°C 
5 
20 
ppm/oC 
Coefficient (Note 2) 


Line Regulation (Note 3) 
7.2V"V'N"10V 
4 
12 
ppmN 
• 
20 
ppmN 
10V"V,N,,40V 
2 
6 
ppmN 
• 
10 
ppmlV 


Load Regulation (Sourcing Current) 
0"IOUT,,10mA 
10 
20 
ppm/mA 


(Note 3) 
• 
35 
ppm/mA 


Load Regulation (Sinking Current) 
0"IOUT,,10mA 
60 
100 
ppm/mA 
(Note 3) 
• 
150 
ppm/mA 


Supply Current 
0.8 
1.2 
mA 
• 
1.5 
mA 


Output Voltage Noise (Note 5) 
0.lHz"f,,10Hz 
3 
~Vp·p 
10Hz"f,,1kHz 
2.2 
3.5 
~Vrms 
Long Term Stability of 
15 
ppm/.JkhrS 
Output Voltage 


Temperature Hysteresis of Output 
IlT= ±25°C 
10 
ppm 


LT1021D·7 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
Output Voltage (Note 1) 
6.95 
7.00 
7.05 
V 
Output Voltage Temperature 
TM1N "TJ "TMAX 
5 
20 
ppmloC 
Coefficient (Note 2) 


LT1021D-7 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Line Regulation (Note 3) 
8.5V :sV1N:s12V 
1 
4 
ppmN 
• 
2 
8 
ppmN 
12V:sV1N:s4OV 
0.5 
2 
ppmN 
• 
1 
4 
ppmN 


Load Regulation (Sourcing Current) 
0:sloor:s1OmA 
12 
25 
ppm/mA 
(Note 3) 
• 
40 
ppm/mA 


Load Regulation (Shunt Mode) 
1.2mA :sISHUNT:slOmA 
50 
100 
ppm/mA 
(Notes3,4) 
• 
150 
ppm/mA 


Supply Current (Series Mode) 
0.75 
1.2 
mA 
• 
1.5 
mA 


Minimum Current (Shunt Mode) 
V1Nis Open 
0.7 
1.0 
mA 
• 
1.2 
mA 


Output Voltage Noise (Note 5) 
0.lHz:sf:sl0Hz 
4 
I'Vp-p 
10Hz:sf:slkHz 
2.5 
4 
I'Vrms 


Long Term Stability of 
7 
ppm/-..lkhrS 


Output Voltage 


Temperature Hysteresis of Output 
6T= ±25°C 
3 
ppm• 
LT1021D·l0 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output Voltage (Note 1) 
9.95 
10.00 
10.05 
V 


Output Voltage Temperature 
TMIN:sTJ:sT MAX 
5 
20 
ppm/oC 
Coefficient (Note 2) 


Line Regulation (Note 3) 
11.5V:sV1N:s14V.5 
1 
4 
ppmN 
• 
6 
ppmN 
14.5V:sV1N:s4OV 
0.5 
2 
ppmN 
• 
4 
ppmN 


Load Regulation (Sourcing Current) 
0:sIOUT:sl0mA 
12 
25 
ppm/mA 
(Note 3) 
• 
40 
ppm/mA 


Load Regulation (Shunt Mode) 
1.7mA :sISHUNT:slOmA 
50 
100 
ppm/mA 
(Notes 3,4) 
• 
150 
ppm/mA 


Series Mode Supply Current 
1.2 
1.7 
mA 
• 
2.0 
mA 
Shunt Mode Minimum Current 
V1Nis Open 
1.1 
1.5 
mA 
• 
1.7 
mA 
Output Voltage Noise (Note 5) 
0.lHz:sf:sl0Hz 
6 
I'Vp-p 
O.lHz:sf:slkHz 
3.5 
6 
I'Vrms 
Long Term Stability of 
6t=1000 
Hrs 
15 
ppm/-..lkhrS 
Output Voltage 
Non·Cumulative 


Temperature Hysteresis of Output 
6T= ±25°C 
5 
ppm 


The • 
denotes the specifications 
which apply over the full operating tem- 


perature range. 


Note 1: Output voltage is measured immediately after turn-on. Changes 
due to chip warm·up are typically less than 0.005%. 


Note 2: Temperature coefficient 
is guaranteed as a slope from room tem· 
perature (25°C) to OOCand 70°C, also known as a "butterfly" 
specification. 


Note 3: Line and load regulation are measured on a pulse basis. Output 
changes due to die temperature change must be taken into account sepa- 
rately. Package thermal resistance is 110oCIW. 


Note 4: Shunt mode regulation is measured with the input open. With the 
input connected, shunt mode current can be reduced to OmA. Load regula· 
tion will remain the same. 


Note 5: RMS noise is measured with a single high pass filter at 10Hz and a 
2·pole low pass filter at 1 kHz. The resulting output is full wave rectified and 
then integrated for a fixed period, making the final reading an average as 
opposed to RMS. A correction factor of 1.1 is used to convert from average 
to RMS, and a second correction of 0.88 is used to correct for the non·ideal 
bandpass of the filters. 


Peak-to-peak noise is measured with a single high pass filter at 0.1Hz and a 
2·pole low pass filter at 10Hz. The unit is enclosed in a still-air environment 
to eliminate thermocouple 
effects on the leads. Test time is 10 seconds. 


• 0.2% 
Output Tolerance 
• 0.50 Shunt Impedance 
• 600pA to 10mA Operating Current 
• Pin Compatible with LM 136-5 
• 20ppm/oC 
Max. Drift 
• Output Voltage Trim does not Affect Drift 
• Can be Used as Positive or Negative Reference 


• A-to-D and D-to-A Converters 
• Precision Regulators 
• Precision Current Sources 
• V to F and F to V Converters 


LT1029/LT1029A 


5V Bandgap Reference 


DESCRIPTion 


The LT1029 is a 5V bandgap reference intended for use 
in the shunt or "zener" 
mode, allowing it to be used as 
either a positive or negative 
reference. 
The output 
is 
pretrimmed 
to ± 0.2% 
accuracy with 20ppm/oC 
max- 
imum temperature 
drift. A trim pin allows additional out- 
put adjustment 
for even more precise output voltage. 


Operating current range for the LT1029 is 600pA to 10mA. 
Extremely low dynamic impedance allows excellent output 
regulation even with fluctuating operating current. 


The LT1029 will replace an LM 136-5 or LM336-5 
and 
simplify circuits using the' 'minimum temperature coeffi- 
cient" 
trim network. 
The LT1029 does not require this 
special network to meet its temperature drift specification 
~ 
and these application 
network 
components 
are simply 
~ 
removed. 
If output trimming 
is required 
for initial ac- 
curacy, the diodes in the trim network should be replaced 
with jumpers. 


+15V 


R1 
10k 


+5V 


LT1029 


LT1029 


-5V 


R2 
10k 


-15V 


~ 
V 
.•. 


~ 5.005 
'"'"~ 5.000 
~54.995 


4.895 


-~ 
-~ 
0 
~ 
~ 
n 
100 
1~ 
TEMPERATURE (OC) 


Reverse Current 
15mA 
Forward Current 
10mA 
Operating Temperature Range 
LT1029M/LT1029AM 
-55°Cto 
+125°C 
LT1029C/LT1029AC 
O°Cto + lO°C 
Storage Temperature. 
. . . . . . . . .. 
- 65°C to + 150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


ORDER PART 
NUMBER 


H PACKAGE 
TO-46 
METAL CAN 
BODOM 
VIEW 


LT1029AMH 
LT1029MH 
LT1029ACH 
LT1029CH 


LT1029ACZ 
LT1029CZ 


Z PACKAGE 
TO-92 
PLASTIC 
BOTTOM VIEW 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Reverse Breakdown Voltage 
IR=1mA 
LT1029AM, LT1029AC 
499 
5.00 
5.01 
V 
LT1029M, LT1029C 
4.95 
500 
505 
V 


Reverse Breakdown Change with Current 
6001'A:5 IR :5 10mA 
2 
5 
mV 
• 
3 
8 
mV 


Reverse Dynamic Impedance 
IR=1mA 
0.2 
0.6 
(J 
• 
0.3 
1.0 
(J 


Temperature Stability 
IR=1mA 
LT1029AC 
• 
3 
7 
mV 
LT1029C 
• 
5 
12 
mV 
LT1029AM 
• 
7 
18 
mV 


LT1029M 
• 
10 
36 
mV 


Equivalent Temperature Drift 
LT1029AM . LT1029AC 
• 
8 
20 
ppm/oC 


LT1029C 
• 
12 
34 
ppm/oC 
LT1029M 
• 
15 
40 
ppm/oC 


Long Term Stability 
20 
ppm/kHr 


Trim Range 
±3 
+5, 
-13 
% 


The. 
denotes the specifications which apply over the full operating 


temperature range. 


~TJ=+25°C 


/ 


TJ= 
;125° V 
In'J= 
-55°C 


.A" 


0.9 


0.8 


0.7!06 


>- 
~ 
0.5 


B 0.4 


0.2 


0.1 


o 
012345678 
OUTPUT TO GROUNO VOLTAGE IV) 


Ell 


Output Trimming 


Output voltage trimming 
on the LT1029 is nominally ac- 
complished with a potentiometer connected from output to 
ground with the wiper tied to the trim pin. The LT1029 was 
made compatible with existing references, so the trim range 
is large; +5%, 
-13%. 
This large trim range makes preci- 
sion trimming 
rather difficult. 
One solution 
is to insert 
resistors in series with both ends of the potentiometer. This 
has the disadvantage of potentially poor tracking 
between 
the fixed resistors and the potentiometer. A second method 
of reducing trim range is to insert a resistor in series wittl~he 
wiper of the potentiometer. This works well only for a very 


small trim range because of the mismatch in TCs between 
the series resistor and the internal thin film resistors. These 
film resistors can have a TC as high as 500ppm/oC. 
That 
same TC is then transferred to the change in output voltage; 
a 1% shift in output voltage causes a (500ppm) 
(1%)= 
5ppm / °C change in output voltage drift. The worst-case er- 
ror in initial output voltage for the LT1029A is 0.2% and for 
the LT1029 is 1%, so a series resistor is satisfactory if the 
output is simply trimmed to nominal value. 1ppm/oC 
TC 
shift would be the maximum expected for the LT1029A and 
5ppm/oC 
for the LT1029. 


t I", 700"A 


TRIM RANGE 


0.4% 
- 
LTl029A, 
Rl = 750k 


1.2% 
- 
LTl029. 
Rl=250k 


APPLICATions InFoRmATion 


Shunt Capacitance 


The LT1029 is stable with all values of shunt capacitance, 
but values between 
300pF and 0.01p.F are not recom- 
mended 
because they cause longer settling 
following 
a 


Trimming 
Output to 5.120V 


transient 
in operating 
current. 
A 1p.F solid 
tantalum 
capacitor is suggested 
for most situations 
where bypass- 
ing is desirable. 


H Package 
TO·46 Metal Can 
Z Package 
TO·92 Plastic 


l----r 0.175-0.185 
5"NOM 
4 
,1 
(4.445-4.699) ~---l 


0.175-0.185 
I 0 
I 
0.065 
+ 
(4.445-4.699) 
I 
I 
1 (1.651). 
~ 
S~=:h'----~ 
OIA 
=1 


0.500 
0.090 
0 025 
5 


(1~~~_0)_(~_'~_:_), 
~ ~ ~ UN~~*:~~O 
~ 
NOM 
J 


-llI-.J1!t. 
-.11.- 0.0145-00155 
0.045-0.055 
~ 
(0~;7) 
(0.3683,.y~.3937) 


(1.143-1.397) 
8EFORELEAD 


FINISH 


0.050 
(1.270) 
TYP 
0.045-0.055 


(~:~:HO) 
- 
(1~'143-1'397) 


NOM 
-l 
1 
2 
3 


0.135-0.145 
WNOM lJ 
(3.429-3.683) 
WNOM 


FEATURES 


• Pin Compatible with LH0070 and AD581 * 
• Ultra Low Drift-5ppm/ 
°C Max Slope 
• Trimmed Output Voltage 
• Operates in Series or Shunt Mode 
• Output Sinks and Sources in Series Mode 
• Very Low Noise < 1ppm p-p 0.1 Hz to 10Hz 
• >1OOdB Ripple Rejection 
• Minimum 
Input Voltage of 11V 


APPLICATions 


• A to D and D to A Converters 
• Precision Regulators 
• Digital Voltmeters 
• Inertial Navigation Systems 
• Precision Scales 
• Portable Reference Standard 


·See LH0070 Electrical Characteristics table and AD581 cross reference 
guide. 


LT1031/LH0070 


Precision 10 Volt Reference 


DESCRIPTion 


The LT1031 is a precision 
10V reference with ultra low 
drift and noise, extremely good long term stability, and 
almost total immunity 
to input voltage variations. 
The 
reference output will both source and sink up to 10mA 
and can be used as a shunt regulator (two terminal zener) 
with the same precision characteristics 
as the three ter- 
minal connection. 
Special care has been taken to mini- 
mize thermal regulation effects and temperature 
induced 
hysteresis. 


The LT1031 reference is based on a buried zener diode 
structure 
which eliminates 
noise and stability 
problems 
associated with surface breakdown 
devices. 
Further, a 
~ 
subsurface 
zener exhibits 
better temperature 
drift and 
~ 
time stability than even the best band-gap references. 


Unique circuit design makes the LT1031 the first three 
terminal 
IC reference to offer ultra low drift without 
the 
use of high power on-chip heaters. Output voltage is pre- 
trimmed to 0.05% 
accuracy. 


The LT1031 can be used as a plug-in replacement for the 
AD581 and LH0070*, 
with improved electrical and ther- 
mal performance. 


Basic Positive and 
Negative Connections 


LTl031 


IN 
OUT 


LTl031 


VOUT 
OUT 


'=' 


OND 


-VOUT 


Rl- 
V,N-VOliT 
Rl 
- IlOAO+1.SmA 


-V'N 


TA=2S"C 
- 
DISTRIBUTION 
FROM S RUNS 


I-- 


- 
- 
- 
- 


~ 
25 
~ 
:5 
20 
.... 


~ 
15 


~ 
10 


o 
-0.10 
-0.06 
-0.02 
0 
0.02 
0.06 
0.10 


OUTPUT ACCURACY (%) 


L7~ 
3-65 


Input Voltage 
40V 
Input-Output 
Voltage Differential 
35V 
Output to Ground Voltage 
(Shunt Mode CurrentLimit) 
. . . . . . . . . . . . . . .. 
16V 
Trim Pin to Ground Voltage 
Positive 
Equal to VOUT 
Negative. 
. . . . . . . . . . . . . . . . . . . . . . . . . .. 
- 20V 
Output Short Circuit Duration 
VIN =35V 
10sec 
VIN $ 20V 
Indefinite 
Operating Temperature 
Range 
LT1031 (Mil) 
-55°Cto125°C 
LT1031 (Comm) 
O°Cto70°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 
10sec.) 
300°C 


ORDER PART 
NUMBER 
BonOM VIEW 


INPUT 
LHOO70-0H 
WO~PUT 


LHOO70-1H 
LHOO70-2H 


LT1031BMH 
LT1031CMH 
GROUND 
LT1031DMH 


H PACKAGE 
LT1031BCH 
TO-5 METALCAN 
LT1031CCH 
LT1031DCH 


SYMBOL 
LT1031 
PARAMETER 
CONDITIONS 
TYP 
MAX 
UNITS 
MIN 


VR 
Output Voltage (Note 1) 
LT1031B 
9.995 
10.000 
10.005 
V 
LT1031C 
9.990 
10.000 
10.010 
V 
LT1031D 
9.9BO 
10.000 
10.020 
V 


t:l.VR 
Output Voltage Temperature 
TMINsTJ sT MAX 


~ 
Coefficient (Note 2) 
LT1031B 
• 
3 
5 
ppm/oC 
LT1031C 
• 
6 
15 
ppm/oC 
LT10310 
• 
10 
25 
ppmfOC 


t:l.VR 
line Regulation (Note 3) 
11.5VsV1Ns14.5V 
1 
4 
ppm/V 


t:l.V1N 
• 
6 
ppm/V 
14.5V SV1Ns40V 
0.5 
2 
ppm/V 
• 
4 
ppm/V 


t:l.VR 
Load Regulation (Sourcing Current) 
Os lOUTS10mA 
12 
25 
ppm/mA 
AiiJ 
(Note 3) 
• 
40 
ppm/mA 


t:l.VR 
Load Regulation (Shunt Mode) 
1.7mA s ISHUNTS 10mA 
50 
100 
ppm/mA 
AiiJ 
(Notes 3. 4) 
• 
150 
ppm/mA 


10 
Series Mode Supply Current 
1.2 
1.7 
mA 
• 
2.0 
mA 


iM1N 
Shunt Mode Minimum Current 
VIN is Open 
1.1 
1.5 
mA 
• 
1.7 
mA 


Output Short Circuit Current 
11V s V1Ns 35V 
30 
mA 


Minimum Input Voltage (Note 6) 
lOUTs 1mA 
10.B 
11.0 
V 


en 
Output Voltage Noise 
0.1Hzsfs10Hz 
6 
!,Vp-p 
0.1Hzsfs10kHz 
11 
!'Vrms 
t:l.VR 
Long Term Stability of 
t:l.t= 1000 Hrs 
15 
ppm 


t:l.Time 
Output Voltage 
Non-Cumulative 


Temperature Hysteresis of Output 
t:l.T=50°C 
5 
ppm 


SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
UNITS 


VR 
Output 
Voltage 
TA = 25°C 
10.000 
V 


tJ.VR 
Output Accuracy 
TA=25°C 


-0, -1 
±0.03 
±0.1 
% 


-2 
±0.02 
±0.05 
% 


tJ.VR 
Output 
Accuracy 
TA= 
-55°C, 
125°C 
-0, 
-1 
• 
±0.3 
% 
-2 
±0.2 
% 


tJ.VR 
Output Voltage Change 
Note 5 
~ 
with Temperature 


-0 
• 
±0.2 
% 
-1 
• 
±0.02 
±0.1 
% 
-2 
• 
±001 
±0.04 
% 


tJ.VR 
Line Regulation 
13V:sV1N:s33V, 
TA=25°C 


LW;N 
-0, -1 
0006 
01 
% 
-2 
0006 
003 
% 


Input Voltage Range 
• 
11.4 
40 
V 


tJ.VR 
Load Regulation 
OmA :s lOUT:S 5mA 
• 
0.01 
0.03 
% 


6fQ 


10 
Quiescent 
Current 
13V :S VIN :S 33V 
• 
1.2 
5 
mA 


tJ.lo 
Change in Quiescent 
Current 
tJ.V1N= 20V from 13V to 33V 
• 
0.1 
1.5 
mA 


LW;N 


en 
Output 
Noise Voltage 
6 
",Vp-p 


Ripple Rejection 
t=120Hz 
• 
0.001 
%/Vp-p 


ro 
Output 
Resistance 
• 
02 
0.6 
n 


AVz 
Long Term Stability 
TA = 25°C 
(Note 7) 
tJ.Time 
-0, -1 
±0.2 
%/Yr 


-2 
±0.05 
%/Yr 


The. 
denotes 
the specifications 
which 
apply over the tull operating 


temperature 
range. 


Note 1: 
Output voltage 
is measured 
immediately 
after turn-on. 
Changes 


due to chip warm-up 
are typically 
less than 0.005%. 


Note 2: 
Temperature 
coefficient 
is measured 
by dividing 
the change 
in 


output 
voltage 
over the temperature 
range by the change 
in temperature. 


Separate 
tests are done for hot and cold; T MIN to 25°C, 
and 25°C to 


TMAX' Incremental 
slope is also measured 
at 25°C. 
For LT1031BMH, 
the 


5ppm/oC 
drift specification 
is for - 25°C 
to 85°C 
Drift over the full 


-55°C 
to + 125°C 
range is guaranteed 
to 7ppm/oC. 


Note 3: 
Line and load regulation 
are measured 
on a pulse basis. 
Output 


changes 
due to die temperature 
change 
must be taken 
into account 


separately. 
Package thermal 
resistance 
is 150°C IW 


Note 4: 
Shunt 
mode regulation 
is measured 
with 
the input 
open. With 


the input connected, 
shunt 
mode current 
can be reduced 
to OmA. Load 


regulation 
will remain 
the same. 


Note 5: 
Temperature 
drift 
is guaranteed 
from 
- 
25°C to + 85°C 
on 


LH0070 


Note 6: 
See curve for guaranteed 
minimum 
V1Nversus 
lOUT. 


Note 7: 
Guaranteed 
by design. 


The following cross reference guide may be used to select 
LT1031 grades which 
meet or exceed output voltage, 


temperature 
drift, 
load and line regulation, 
and output 
current 
specifications 
of 
the 
AD581 
reference. 


Parameters such as noise, hysteresis, 
and long term 
stability will be significantly 
better for all LT1031 grades 
compared to the AD581 , 


AD581J 
AD581K 
AD581L 
AD581S 
AD581T 
AD581U 


order 
order 
order 
order 
order 
order 


LT1031DCH 
LT1031CCH 
LT1031 BCH 
LT1031DMH 
LT1031 CMH 


LT1031BMH 


Ripple Rejection 


115 
f=150Hz 


/ 
~ 
~ 
105 


z 
2100 
trl 
Ul 
cr 
95 


Start-Up 
(Series 
Mode) 


13 


~ 
10 


~ 
9 
~ 
§: 
8 


~ 
7 
o 


Output Voltage Noise 


16 
COUT=O 
14 
FILTER=l 
POLE 
fLOW=O.lHz 


:; 
10 
w 
</><5 
8 
z 
</> 
i!! 
6 


Ripple Rejection 


130 


120 


110 


~100 
z 
0 
90 
~ 
Ul 
80 
cr 


70 


60 


v;;;15V 
r- 
r- 


COUT=O 
f-- 
I-- 


- 
- 
f-- 


= 
= 
I-- 


- 
- 
~ 
- 
- 
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Minimum 
Input Voltage 


11.6 
GUARANTEED 


11.4 
CURi~~~~ 


11.2 


10.2 


10.0 
o 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
OUTPUT CURRENT (mA) 


Output Voltage Noise Spectrum 


400 
Start-Up 
(Shunt 
Mode) 


11 


~300 


~ 
250 


~ 
200 
>:Jo 
~ 
150 
</> 
<5z 100 


Load Regulation 


5 
VIN=12V 


.,- 
/ 
/' 
- 
l- f-" 
I.-- 


Output Voltage Temperature 
Orift 


r--... 
V 


-3 


-4 


-5 
-10 
-8 
-6 
-4 
-2 
0 
2 
4 
6 
8 
10 
SOURCING 
SINKING 
OUTPUT CURRENT (mAl 


~ 
10.002 
w 
'">'! 
~ 
10.000 


>- 
=>~!; 9.998 
o 


9.994 
-50 
-25 
0 
25 
50 
75 
100 
125 
TEMPERATURE (OC) 


Input Supply Current 


1.8 
IOUT=O 
Tj= ~55"d 


TjJS'C 


/ 
Tj=12S'C 


1)/ 
1// 
I) 


J 


Shunt Characteristics 


1.8 


INPUT PIN OPEN 
1.6 
;< 1.4 
oS 
~ 
1.2 


r- 
0=> 1.0 
0 
0r- 


0.8 
~ 
r-z 
~ 
0.6 


'-' 
0.4 


0.2 


0 
0 
2 
4 
6 
8 
10 
12 


OUTPUT TO GROUND VOLTAGE (V) 


load Transient 
Response 


CLOAD=O 


61SOURCE= l00pAp-p 


w'"z« 
:J::'-' 
w'" 
>:i 
0>r- 
=>~ 
=> 
0 


3 
4 
0 
TlME(,.s) 


NOTE VERTICAL 
SCALE CHANGE 
BETWEEN SOURCING ANO SINKING 


Output Noise O.1Hz to 10Hz 


FILTERING = 1 ZERO AT O.lHz 
2 POLES AT 10Hz 


'> 
I 
I 
is 


~ 


I-l0"V 
rppm) 


w 
'"~ 
w'"« 
1 
':J 
0>r- 
=> 
0-r- 
=> 
0 


2 
3 
4 
TIME (MINUTES) 


Shunt Mode Current limit 


60 


50 
1 
r- 
40 
~ 
=> 
0 
~ 


30 


r-I 


20 


=>'-' 
10 


INPUT PIN IS OPEN 


l-- / 
:.- 


1.4 
112 
r-11.0 
a 0.8 
r- 


~ 
0.6 


0.4 


0.2 


~ 
w 
~-O.5 
g 
~-1.0 
§-1.S 


load Transient 
Response 
CLOAD= 1000pF • 


20 
40 
60 
80 
100 
120 
140 


TIME (ms) 


'INOEPENOENT 
OF TEMPERATURE 
COEFFICIENT 


680 
TlME(,.s) 


NOTE VERTICAL 
SCALE CHANGE 
BETWEEN SOURCING ANO SINKING 


Trimming 
Output Voltage 


The LT1031 output can be trimmed by driving the ground 
pin. The suggested method is shown in the accompany- 
ing figure. 
A 50 resistor is inserted in series with the 
ground pin and the top of the resistor is supplied current 
from a trim potentiometer. This technique requires fairly 
high trim 
current-up 
to 1.5mA 
from the LT1031 
or 
3.5mA from the 
-15V 
supply, 
but it is necessary to 
maintain low drift in the reference. 
Ground pin current 
changes in the LT1031 (with temperature) 
could be as 
high as 4pAJOC. 
This, 
coupled with the 50 external 
resistor, creates up to 2ppm / °C drift in the reference 
(50 x4p.A/oC 
=20j.tV/oC=2ppm/°C). 
If induced drift 
higher than this can be tolerated, all resistor values in the 
trim circuit can be raised proportionately 
to reduce cur- 
rent drain. 


LTl031 


-IN 
OUT 


GNO 


R2' 
4.3k 
R3 
50 
R1" 
511 


'CAN BE INCREASEO TO 5.6k FOR 
LT1031B ANO LHOO70-2 
"INCREASE 
TO lOll 
FOR LTl0310 


Effect of Reference 
Drift on System Accuracy 


A large portion of the temperature 
drift error budget in 
many systems 
is the system 
reference 
voltage. 
This 
graph 
indicates 
the maximum 
temperature 
coefficient 
allowable if the reference is to contribute 
no more than 


112 LSB error to the overall system performance. 
The ex- 


ample shown is a 12-bit system designed to operate over 
a temperature 
range from 25°C to 65°C. Assuming the 
system calibration is performed at 25°C, the temperature 
span is 40°C. 
It can be seen from the graph that the 
temperature coefficient of the reference must be no worse 
than 3ppm/ 
°C if it is to contribute less than 1f2 LSB error. 
For this reason, the LT1031 has been optimized for low 
drift. 


Maximum Allowable Reference 
Drift 


r-... -..i6IT 
" 
I 
I -r- 
\ 
••...... 


10-BITI 


~-BIT 


1\ l4-BIT 
....•...•. 


~ 
- - 


Capacitive Loading and Transient Response 


The LT1031 is stable with all capacitive loads, but for opti- 
mum settling 
with 
load transients, 
output 
capacitance 
should be under 1000pF. The output stage of the reference 
is class AB with a fairly low idling current. This makes tran- 
sient response worst-case at light load currents. Because of 
internal current drain on the output, actual worst-case oc- 
curs at ILOAD = 1.4mA (sinking). 
Significantly better load 
transient response is obtained by moving slightly away from 
these points. 
See Load Transient Response curves for 
details. 
In general, best transient response is obtained 
when the output is sourcing current. In critical applications, 
a 10j.tFsolid tantalum capacitor with several ohms in series 
provides optimum output bypass. 


Although 
the LT1031 does not have true force/sense 
capability 
at its outputs, 
significant 
improvements 
in 
ground 
loop and line loss problems 
can be achieved 
with 
proper 
hook-up. 
In series 
mode operation, 
the 
ground pin of the LT1 031 carries only"" 
1mA and can 
be used as a sense line, greatly reducing 
ground 
loop 
and loss problems on the low side of the reference. 
The 
high side supplies 
load current so line resistance 
must 
be kept low. Twelve feet of # 22 gauge hook up wire or 
1 foot of 0.025 inch printed circuit trace will create 2mV 
loss at 1OmA output current. 
This is equivalent 
to 1LSB 
in a 1av, 12-bit system. 


The circuits 
below show proper 
hook up to minimize 
errors due to ground loops and line losses. Losses in the 
output lead can be greatly reduced by adding a PNP boost 
transistor 
if load currents are 5mA or higher. 
R2 can be 
added to further reduce current in the output sense lead. 


Effects of Air Movement on Low Frequency Noise 


The LT1031 has very low noise because of the buried 
zener used in its design. 
In the 0.1Hz to 10Hz band, 
peak-to-peak 
noise is about 0.5ppm of the DC output. To 
achieve this low noise, however, care must be taken to 
shield the reference 
from ambient 
air turbulence. 
Air 


movement can create noise because of thermoelectric 
dif- 
ferences 
between 
IC package 
leads (especially 
kovar 
lead TO-5) and printed 
circuit 
board materials and/or 
sockets. Power dissipation 
in the reference, even though 
it rarely exceeds 20mW, is enough to cause small tem- 
perature gradients 
in the package 
leads. Variations 
in 
thermal resistance, caused by uneven airflow, create dif- 
ferentiallead 
temperatures, 
thereby causing thermoelec- 
tric voltage noise at the output of the reference. The XV 
plotter trace shown below dramatically 
illustrates this ef- 
fect. The first half of the plot was done with the LT1031 
shielded from ambient air with a small foam cup. The cup 
was then removed for the second half of the trace. Ambi- 
ent in both cases was a lab environment 
with no exces- 
sive 
air 
turbulence 
from 
air 
conditioners, 
opening/ 
closing doors, etc. Removing the foam cup increases the 
output 
noise by almost an order of magnitude 
in the 
0.01Hz 
to 1Hz band! The kovar leads of the TO-5 (H) 
package are the primary culprit. Alloy 42 and copper lead 
frames used on dual-in-line 
packages are not nearly as 
sensitive to thermally 
generated noise because they are 
intrinsically 
matched. 


There is nothing magical about foam cups-any 
enclo- 
sure which 
blocks air flow from the reference will do. 


Smaller enclosures are better since they do not allow the 
build-up of internally generated air movement. Naturally, 
heat generating 
components 
external 
to the reference 
itself should not be included inside the enclosure. 


Ell 


Noise Induced 
by Air 
Turbulence 
(TO-5 Package) 


(TO-5 PACKAGE) 
f=O.OlHz 
to 10Hz 


20t 
FOAM CUP REMOVEO 
f\.. 


.& 
f 
V 
,.." 


Rl 
4.7k 
lTl031 


IN 
OUT 


V+;;,11.8V 


Rl 
2200 


10V 
@l00mA 


+ 
2.F 
SOLIO 
TANT 


10V 
@l00mA 
+ 
2.F 
SOLID 
TANT 


IN 
R1" 
16911 


LT1031 
OUT 
VOUT lOV 


GND 
r -, 
I 
RL Iru~~:~TL~~ 
L 
..J 


.". 
.". 


"SELECT 
R1 TO DELIVER TYPICAL 
LOAD CURRENT. 


LT1031 
WILL 
THEN SOURCE OR SINK AS NECESSARY 


TO MAINTAIN 
PROPER OUTPUT. 
00 NOT REMOVE LOAD 
AS OUTPUT WILL 
BE DRIVEN UNREGULATED 
HIGH. 
LINE 
REGULATION 
IS DEGRADED IN THIS APPLICATION. 
• 


LT1031 


IN 
OUT 


I 28mA 
t 
28.5mA---- 
5V 
-, ~~~1~~E"" 


"THIS 
RESISTOR PROVIDES POSiTIVE 
FEEDBACK TO 
THE BRIDGE TO ELIMINATE 
LOADING EFFECT OF 
THE AMPLIFIER. 
EFFECTIVE Z,N OF AMPLIFIER 
STAGE IS", 
lMII. 
IF R2-R5 
ARE CHANGED, 
SET R6=R3. 


""BRIDGE 
IS ULTRA LINEAR WHEN ALL LEGS ARE 
ACTIVE, 
TWO IN COMPRESSION 
AND TWO IN TENSION, 
OR WHEN ONE SIDE IS ACTIVE WITH ONE COMPRESSED 
AND ONE TENSIONED 
LEG. 


tOFFSET 
AND DRIFT OF LM301A 
ARE VIRTUALLY 
ELIMINATED 
BY DIFFERENTIAL 
CONNECTION 
OF LT1012C. 


LT1031 


V,N 
IN 
OUT 


LT1031 


OUT 
IN 
+20V 


R11 
8.85M 
1% 


R5 
R4 
200k 
4.75k 
1% 


1% 


fSTANOARO 
INDUSTRIAL 
1000 
PLATINUM 
4-WIRE SENSOR, 


ROSEMOUNT 
785, 
OR EQUIVALENT. 
a=0.00385 


TRIM R9 FOR Vour=o 
@ O'C 


TRIM R12 FOR Vour= 
10V @ loo'C 


TRIM R14 FOR Vour=5V 
@50'C 


USE TRIM SEQUENCE AS SHOWN. TRIMS ARE NON-INTERACTIVE 
SO THAT ONLY ONE TRIM SEQUENCE IS NORMALLY 
REQUIRED. 


·FEEDBACK 
LINEARIZES 
OUTPUT TO ±O.005'C 
FROM 


- 50'C 
TO + 150'C 


··WIREWoUNO 
RESISTORS WITH LOW TC 


Negative 
Shunt Reference 
Driven 
by Current Source 


LTl031 


OUT 


-10V 
(I lOADs 
1mA) 
!2.5mA 


Ell 


LT103t 


+15V 
IN 
OUT 


50k 
ROOM TEMP 
TRIM 
10k 
to.36k 


1% 
1% 


D2 
200k 
lN457 
1% 


50k 
!1mA 


"TRIMS 
lmA 
REFERENCE CURRENT 


TC BY ±40ppm/oC. 
THIS TRIM 
SCHEME HAS VERY UTILE 
EFFECT ON ROOM 
TEMP£RATURE 
CURRENT TO MINIMIZE 
ITERATIVE 


TRIMMING. 


n n ~ 
0.016-0.019 
U 
Ll- U 
~(0406-0483) 
----, 
OIA 


Tjmax 
8jA 
8jC 


LH0070 
I 
150'C 
150°C/W 
45'C/W 


LTl031M 


I 


150'C 
150'C/W 
45'C/W 


lTl031C 
85'C 
150'C/W 
45'C/W 


• Guaranteed 20 ppm/oC Drift 
• 1.2V 1% Initial Tolerance 
• 20p.Ato 20mA Operation 
• 10 Dynamic Impedance 
• 7V, 100p.AReference 


• Portable Meters 
• Precision Regulators 
• Calibrators 


LT1034-1.2/LT1034-2.5 


Micropower Dual Reference 


DESCRIPTion 


The LT1034is a micropower, precision 1.2V/2.5V reference 
combined with a 7V auxiliary 
reference. The 1.2V/2.5V 
reference is a trimmed, thin-film, band-gap voltage refer· 
ence with 1% initial tolerance and guaranteed 20ppm/oC 
temperature drift. Operating on only 20p.A,the LT1034 of- 
fers guaranteed drift, low temperature cycling hysteresis 
and good long term stability. The low dynamic impedance 
makes the LT1034easy to use from unregulated supplies. 
The 7V reference is a subsurface zener device for less de- 
manding applications. 


The LT1034 reference can be used as a high performance 
• 
upgrade of the LM385 or LT1004, where guaranteed tem- 
perature drift is desired. 


2.5 


20 
:;- 
~ 
15 


~ 
1.0 
« 
:I: 
~ 
05 
'"~ 
0 
o 
~ -0.5 
en 
ffi -1.0 
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IZ= 100pA 
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V- 


-20 


-2.5 


-50 
-25 
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25 
50 
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100 
125 


TEMPERATURE(OC) 


ABSOLUTEmAXimum 
RATinGS 


Operating Current. 
20mA 
Forward Current (Note 1) 
20mA 
Operating Temperature Range 
LT1034BM, M 
- 55°C to 125°C 
LT1034BC, C 
OOCto 70°C 
Storage Temperature 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C @ 


ORDER PART NUMBER 


LT1034BMH·1.2, LT1034MH·1.2 
LT1034BCH·1.2, LT1034CH·1.2 
LT1034BMH·2.5, LT1034MH·2.5 
LT1034BCH·2.5, LT1034CH·2.5 


H PACKAGE 


TO-46 METAL CAN 
BOnOM 
VIEW 


~ 


LT1034BCZ·1.2 
LT1034CZ·1.2 
LT1034BCZ·2.5 
LT1034CZ·2.5 


Z PACKAGE 
TO-92 PLASTIC 
BonOM 
VIEW 
, 


LT1034C1.2 
LT1034C·2.5 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Reverse Breakdown Voltage 
IR=1oo~ 
25°C 
1.210 
1.225 
1.240 
2.46 
2.5 
2.54 
V 
• 
1.205 
1.225 
1.245 
2.43 
2.5 
2.57 
V 


Reverse Breakdown Change 
Note 3 
25°C 
0.5 
2.0 
1 
3 
mV 
with Current 
• 
1.0 
4.0 
1.5 
6 
mV 
2mAsIRs20mA 
25°C 
4 
8.0 
6 
16 
mV 
• 
6.0 
15.0 
10 
20 
mV 


Minimum Operating Current 
• 
10 
20 
15 
30 
~ 
Temperature Coefficient 
IR=1oo~ 
• 
20 
40 
20 
40 
ppm/oC 


Reverse Dynamic Impedance (Note 2) 
IR=1oo~ 
25°C 
0.25 
1.0 
0.5 
1.5 
0 
• 
0.50 
2.0 
1 
2.5 
0 


Low Frequency Noise 
IR= 1oo~, 0.1HzsFs10Hz 
• 
4 
6 
~Vp·p 


Long Term Stability 
IR=1oo~,T=25°C 
25°C 
20 
20 
ppm/-lkhrS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Reverse Breakdown Voltage 
IR=1oo~ 
25°C 
6.8 
7.0 
7.3 
V 
• 
6.75 
7.0 
7.4 
V 
Reverse Breakdown Change 
1oo~slRs1mA 
25°C 
90 
140 
mV 
with Current 
1oo~slRs1mA 
• 
100 
190 
mV 
1mAsIRs20mA 
25°C 
160 
250 
mV 


1mAsIRs2OmA 
• 
200 
350 
mV 


Temperature Coefficient 
IR=1oo~ 
• 
40 
ppml°C 


Long Term Stability 
IR=1OO~ 
25°C 
20 
ppm 


The. 
denotes specifications 
that apply over the operating temperature 
range. 


Note 1: Forward biasing either diode will affect the operation of the other 
diode. 


Note 2: This parameter guaranteed by "reverse breakdown change with 
current" test. 


Note 3: For the LT1034C1.2, 2O~ s IRs2mA. For the LT1034G-2.5, 
3O~sIRs2mA. 


Reverse Voltage Change 1.2V 
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Reverse Dynamic Impedance 7V 
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LT1034-1.2/LT1034-2.5 


OlTPJT 
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PACKAGE DESCRIPTion 


H Package Metal Can 
Dimensions in inches (millimeters) unless otherwise noted. 


Z Package Plastic 


0.060:1::0.010 


~) 


lO'NOMi:)~ 
I::~~:~:) 
q-=r 


5'NOM 


~ 
--Jl-0,015:1:0.002 


(0.381=0.051) 


0.180:0.005 


(4.572*0.127) 


SEATING ----t---- 


PlANE 
T 


0.500 
0.050 


(12.70) 
~ 
~ 
~ 
(1.270) 
MIN 
MAX 


I 
UNCONTROLLED 


-----1- 


J 
] t"~:2~I~o(Xl3 
-I_ 
(0.508±0.076) 


0,016:*:0,003 
I" 
(0.406::1:0.076) 
0.050::1:0.005 
l-- 


(1.21O:l:0.127) 


• Guaranteed 40 ppm/oC Drift 
• 20pA to 20mA Operation (1.2V) 
• 10 Dynamic Impedance 
• 7V, 100!-'AReference 


• Portable Meters 
• Precision Regulators 
• Calibrators 


LT1034CS8-1.2 
LT1034CS8-2.5 


Micropower Dual Reference 


The LT1034is a micropower, precision 1.2V/2.5Vreference 
combined with a 7V auxiliary reference. The 1.2V/2.5V 
reference is a trimmed, thin·film, band-gap voltage refer· 
ence with 1% initial tolerance and guaranteed 20ppm/oC 
temperature drift. Operating on only 20!-,A,the LT1034of· 
fers guaranteed drift, low temperature cycling hysteresis 
and good long term stability. The low dynamic impedance 
makes the LT1034easy to use from unregulated supplies. 
The 7V reference is a subsurface zener device for less de· 
manding applications. 


The LT1034reference can be used as a high performance 
• 
upgrade of the LM385 or LT1004,where guaranteed tem· 
perature drift is desired. 


Temperature Drift 
LT1034CS8-1.2 
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Operating Current. 
20mA 
Forward Current (Note 1) 
20mA 
Operating Temperature Range 
OOCto 70°C 
Storage Temperature 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


ORDER PART 


TOP VIEW 
NUMBER 


"m'" 


NC 
2 
7 
NC 
LT1034CS8-1.2 


NC 
3 
6 
2.5V 
LT1034CS8-2.5 


GNO 
4 
5 
7V 


PART MARKING 


S8 PACKAGE 
PLASTIC SO 
3401 (1.2V VERSION) 
3402 (2.5V VERSION) 


LT1034CS8·1.2 
LT1034CS8-2.5 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Reverse Breakdown Voltage 
IR= 100~A 
25°C 
1.210 
1.225 
1.240 
2.46 
2.5 
2.54 
V 
• 
1.205 
1.225 
1.245 
2.43 
2.5 
2.57 
V 


Reverse Breakdown Change 
Note3 
25°C 
0.5 
2.0 
1 
3 
mV 
with Current 
• 
1.0 
4.0 
1.5 
6 
mV 
2mA"IR,,20mA 
25°C 
4 
8.0 
6 
16 
mV 
• 
6.0 
15.0 
10 
20 
mV 


Minimum Operating Current 
• 
10 
20 
15 
30 
~ 
Temperature Coefficient 
IR= 100~A 
• 
20 
40 
20 
40 
ppmfoC 


Reverse Dynamic Impedance (Note 2) 
IR= 100~A 
25°C 
0.25 
1.0 
0.5 
1.5 
0 
• 
0.50 
2.0 
1 
2.5 
0 


Low Frequency Noise 
IR= 100~, 0.1Hz<F<10Hz 
• 
4 
6 
~Vp-p 


Long Term Stability 
IR=100~,T=25°C 
25°C 
20 
20 
ppmf-lkhrS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Reverse Breakdown Voltage 
IR-100~ 
25°C 
6.8 
7.0 
7.3 
V 
• 
6.75 
7.0 
7.4 
V 


Reverse Breakdown Change 
100~"IR,,1mA 
25°C 
90 
140 
mV 
with Current 
100~"IR,,1mA 
• 
100 
190 
mV 
1mA"IR,,20mA 
25°C 
160 
250 
mV 
1mA<IR<20mA 
• 
200 
350 
mV 


Temperature Coefficient 
IR=100~ 
• 
40 
ppm/oC 


Long Term Stability 
IR- 100~A 
25°C 
20 
ppm/-lkhrS 


The. 
denotes specifications 
that apply over the operating temperature 
range. 


Note 1: Forward biasing either diode will affect the operation of the other 
diode. 


Note 2: This parameter guaranteed by "reverse breakdown change with 
current" test. 
Note 3: For the LT1034CS8-1.2,20~" 
IR" 2mA. For the LT1034CS8-2.5, 


3O~"IR,,2mA. 


• 
Guaranteed 10 ppml °C temperature coefficient 
• 
Guaranteed tOn max. dynamic impedance 
• 
Guaranteed 20"N max. wideband noise 
• Wide operating current range 0.6mA to 15mA 


• Transducers 
• AID and 01A Converters 
• Calibration Standards 
• 
Instrumentation Reference 


LM 129/LM329 
6.9V Precision 
Voltage Reference 


DESCRIPTiOn 


The LM129 temperature compensated 6.9 Volt zener 
references provide excellent stability over time and 
temperature, very low dynamic impedance and a wide 
operating current range. The device achieves low dy- 
namic impedance by incorporating a high gain shunt 
regulator around the zener.The excellent noise perfor- 
mance of the device is achieved by using a "buried 
zener" design which eliminates surface noise phe- 
nomenon associated with ordinary zeners. To serve a 
wide variety of applications, the LM129 is available in 
several temperature coefficient grades and two pack- 
age styles. A 20mA positive current source applica- 
tion is shown below. 
Ell 


LM 
329 
6.95V 


LM 129/LM329 


ABSOLUTE mAXimum 
RAl'lnGS 


Reverse Breakdown Current. . . . . . . . . . . . . . . 30mA 
Forward Current. . . . . . . . . . . . . . . . . . . . . . . .. 2mA 
Operating Temperature Range 
LM129 
-55°C 
to 125°C 
LM329 
O°C to 70°C 
Storage Temperature Range 
LM129 
-65°C 
to 150°C 
LM329 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


PACKAGE/ORDER InFORmATiOn 


BOTTOM 
VIEW 
LM129AH LM329AH 
8 


LM129BH LM329BH 


LM129CH 
LM329CH 


H PACKAGE 
LM329DH 
TO·46 
METAL CAN 


BOTTOM 
VIEW 
LM329AZ 
(g) 
LM329BZ 


LM329CZ 


Z PACKAGE 
LM329DZ 
TO·92 
PlASTIC 


ELECTRICALCHARACTERISTICS(See note 1) 


lM129A.B.C 
lM329A.B,C,O 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
UNITS 


Vz 
Reverse Breakdown 
Voltage 
TA 
~ 
25°C 


0.6mA 
'" 
IR '" 
15mA 
6.7 
6.9 
7.2 
6.6 
6.9 
7.25 
V 
E.L 
Reverse Breakdown 
Voltage 
Change 
tolR 
with 
Current 
TA 
~ 
25°C 


0.6mA 
'" 
IR '" 
15mA 
9 
14 
9 
20 
mV 


toVz 
Reverse Breakdown 
Voltage 
Change 
~ 
with Current 
lmA 
'" 
IR '" 
15mA 
• 
12 
12 
mV 


Temperature 
Coefficient 
IR = lmA 


toVz 
LM 129A/LM329A 
• 
6 
10 
6 
10 
ppm/oC 


to Temp 
LM 129B/LM329B 
• 
15 
20 
15 
20 
ppmrc 
LM 129C/LM329C 
• 
30 
50 
30 
50 
ppm/oC 
LM329D 
• 
50 
100 
ppm/oC 


Change 
in Temperature 
Coefficient 
lmA 
'" 
IR '" 
15mA 
• 
1 
1 
ppm/oC 


rz 
Dynamic 
Impedance 
(Note 2) 
TA 
~ 
25°C, IR ~ 
lmA(10Hz,;f,;100Hz) 
0.6 
1 
0.8 
2 
{J 


rz 
Dynamic 
Impedance 
(Note 2) 
lmA", 
IR '" 
15mA(10Hz,;f,;100Hz) 
• 
0.8 
1 
{J 


en 
RMS Noise 
TA = 25°C, 


10Hz '" 
f '" 
10kHz 
7 
20 
7 
100 
/lV 


toVz 
Long Term Stability 
TA = 45°C ± O.l°C 


to Time 
IR = lmA 
± 0.3% 
20 
20 
ppm/kHr 


The. 
denotes 
the 
specifications 
which 
apply 
over 
full 
operating 
temperature 
range. 


Note 1: These 
specifications 
apply 
over 
the full 
operating 
temperature 
range 
unless 
otherwise 
noted. 
To determine 
the junction 
temperature 
as a function 
of the 
ambient 
temperature. 
see 
8JA for 
each 
package. 


Noll 
2: Dynamic 
impedance 
guaranteed 
by "Reverse 
Breakdown 
Voitage 
Change 
with Current". 
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FORWARDCURRENT(mA) 
FREOUENCY(Hz) 


100"5 
200"5 
300"5 
400"5 


TIME("SEC) 


50 
100 
150 
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TIMESECONDS 


LM 129/LM329 


1 + 


50 


02 
01 


6.2V 


05 


03 


15pF 
30pF 


2k 
10k 


01 


2k 
2.6k 


30k 


0209-0219 


15309-5537) J 
rro 178-0 
195 


(4521-4953) 


0080-0100 


0015 
(2032-2540) 


.Q2Q!!. 
(0381) 


(1270) "tJW. 
t!:o 
0 I~:;;) 


~ 
MAX 


(0.406-0.483) 


OIA 


0.175-0185 
5 
0 


r----!{4.445-4699l 
~ 
M 


0-.17-5-!0-·,-,,-r-O--: 
~ 
+ 


(4.445-4.699) 
I 
1.1 
.• 


SEATING ---t-- 
L - 
- 
- J ---I. 
==f 


PlANE 
T 
--+ 
5. 


0.500 
0.050 
NOM 


(1~I~O) 
n n nUNC~~X{~LEO 
n 
-,--U 
UU 
LEAD DIA 
U 
J 


-lII--~ 
II--- 
0.015 


_0_04_5-_0_05_5 
~ 
(OT~~7) 
- 
(OT~~l) 
(1.143-1.397) 


0.045-0.055r:J1'D 


t 
0135-0.145 


lOcNOM l 
(3.429-3.683) 


• 
1pA to 10mA Operation 
• 0.02%/V 
Regulation 
• 0.8V to 40V Operating Voltage 
• 
Can be Used as Linear Temperature Sensor 
• 
Draws No Reverse Current 
• 
Supplied in Standard Transistor Packages 


• Current Mode Temperature Sensing 
• 
Constant Current Source for Shunt References 
• 
Cold Junction Compensation 
• Constant-Gain Bias for Bipolar Differential Stage 
• 
Micropower 
Bias Networks 
• 
Buffer for Photoconductive 
Cell 
• Current Limiter 


LM134 Series 


Constant Current Source 
and Temperature 
Sensor 


DESCRIPTiOn 


The LM 134 is a three-terminal 
current source designed to 
operate at current levels from 1pA to 10mA, as set by an 
external 
resistor. 
The device operates as a true two- 
terminal current source, 
requiring 
no extra power con- 
nections 
or 
input 
signals. 
Regulation 
is 
typically 
0.02% IV and terminal-to-terminal 
voltage can range 
from 800mV to 40V. 


Because the operating current is directly proportional 
to 
absolute temperature 
in degrees Kelvin, the device will 
also find wide applications as a temperature sensor. The 
temperature 
dependence 
of the operating 
current 
is 
+0.336%/OC 
at room temperature. 
For example, 
a 
~ 
device operating at 298pA will have a temperature coeffi- 
~ 
cient of + 1pAloC. 
The temperature 
dependence is ex- 
tremely accurate and repeatable. 
Devices specified 
as 
temperature 
sensors in the 1OOpA to 1mA range are the 
LM134-3, 
LM234-3 
and the LM134-6, 
LM234-6, 
with 
the dash 
numbers 
indicating 
± 3°C 
and ± 6°C 
ac- 
curacies, respectively. 


If a zero temperature 
coefficient 
current 
source is re- 
quired, this is easily achieved by adding a diode and a 
resistor. 


Remote Temperature 
Sensor 
Operating 
Current 
vs 
with Voltage Output 
Temperature 


500 
225 


400 
125 


'" 
r 


~ 
300 
25 
w 
'" 
:=> 


RSET 
~ 
~ 
10mV/oK 
~ 
200 
-75 
ll: 


226{j 
~ 
~ 
" 
100 
" 
-175 


'::' 
,, 
" 
0 
-275 
0 
100 
200 
300 
400 
500 
OPERATING 
CURRENT 
(,.A) 


ABSOLUTEmAXimum 
RATinGS 


v+ 
to V- 
Forward Voltage 
LM134 
40V 
LM 134-3 / LM 134-6/ 
LM 234-3 / 
LM234-6/LM334 
30V 
V+ to V- 
Reverse Voltage 
20V 
R Pin to V- 
Voltage 
5V 
Set Current. 
. . . . . . . . . . . . . . . . . . . . . . . . . .. 
10mA 
Power Dissipation . . . . . . . . . . . . . . . . . . . . .. 
200mW 
Operating Temperature 
Range 
LM134/LM134-3/LM134-6 
.... 
-55°Cto125°C 
LM234-3/ 
LM234-6 
. . . . . . . . . .. 
- 25°C to 100°C 
LM334 
O°C to 70°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


ORDER PART NUMBER 


CURRENT 
TEMP 
SOURCE 
SENSOR 


BOTIOMVIEW 


~ 


LM134H 
LM134H-3 
LM334H 
LM234H-3 
LM134H-6 
LM234H-6 


H PACKAGE 
TO·46METALCAN 


BOTIOMVIEW 


~ 


LM334Z 
LM234Z-3 
LM234Z-6 


Z PACKAGE 
TO-92PLASTIC 


SYMBOL 
PARAMETER 
CONDITIONS 
LM134 
LM334 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


~ISET 
Set Current 
Error. 
V+ 
=2.SV 
10~:slsET:s1mA 
3 
6 
% 
(Note 
2) 
1mA < ISET:S SmA 
S 
8 
% 


2~:slsET<10~ 
8 
12 
% 


Ratio of Set Current 
to 
10~ 
:sISET:S 1mA 
14 
18 
23 
14 
18 
26 
V- 
Current 
1mA:slsET:sSmA 
14 
14 


2~:slsET:s10~ 
18 
23 
18 
26 


VMIN 
Minimum 
Operating 
Voltage 
2~:s 
ISET:S 100~ 
0.8 
0.8 
V 


100~< 
ISET:S 1mA 
0.9 
0.9 
V 
1mA < ISET:S SmA 
1.0 
1.0 
V 


~ISET 
Average 
Change 
in Set Current 
1.SV :sV+ 
:sSV 
002 
OOS 
0.02 
0.1 
%/V 


~VIN 
with 
Input Voltage 
2~:s 
ISET:S 1mA 
SV :sV+ 
:sVMAX 
(Note 4) 
0.01 
0.03 
0.01 
O.OS 
%/V 


1.SV:sV:sSV 
0.03 
0.03 
%/V 
1mA < ISET :sSmA 
SV:sV 
:sVMAX (Note 4) 
0.02 
0.02 
%/V 


Temperature 
Dependence 
of 
2S~:s 
ISET:S 1mA 
0.96T 
T 
1.04T 
0.96T 
T 
1.04T 


Set Current 
(Note 3) 


Cs 
Effective 
Shunt 
Capacitance 
1S 
1S 
pF 


CONDITIONS 
LM134·3, 
LM234-3 
LM134-6, LM234-6 
UNITS 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Ll.ISET 
Set Current Error, V+ = 2.5V 
100pA slSETS 1mA 
±1 
±2 
% 


(Note 2) 
TJ=25°C 


Equivalent Temperature Error 
±3 
±6 
°C 


Ratio of Set Current to 
100pAs ISETs 1mA 
14 
18 
26 
14 
18 
26 
V- 
Current 


VM1N 
Minimum Operating Voltage 
100pA s ISETs 1mA 
0.9 
0.9 
V 


Ll.ISET 
Average Change in Set Current 
1.5VsV+s5V 
0.02 
0.05 
0.02 
0.1 
%/V 


Ll.V1N 
with Input Voltage 
100pA s 'SET:S1mA 
5V<V+<30V 
0.01 
0.03 
0.01 
0.05 
%/V 


Temperature Dependence of 
100pA slSET s 1mA 
0.98T 
T 
1.02T 
0.97T 
T 
1.03T 
Set Current (Note 3) 


Equivalent Slope Error 
±2 
±3 
% 


Cs 
Effective Shunt Capacitance 
15 
15 
pF 


Note 1: Unless otherwise specified, tests are performed at Ti = 25°C 
with pulse testing so that junction temperature does not change during 
test. 


Note 2: Set current is the current flowing into the V+ pin. It is deter- 
mined by the following formula: ISET=67.7mV/RsET (@25°C). 
Set cur- 
rent error is expressed as a percent deviation from this amount. ISET 
increases at 0.336%/OC@Ti=25°C. 


Note 3: ISETis directly proportional to absolute temperature (OK). ISETat 
any temperature can be calculated from: ISET=lo (T/To) 
where 
10 is ISET 
measured at To (OK). 


Note 4: VMAX =40V for LM134 and 30V for other grades. 
Ell 


Output Impedance 
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Maximum Slew Rate for 
Linear Operation 
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Voltage Across RSET 
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Operating Current vs 
Temperature 
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Basic Theory 
of Operation 


The equivalent circuit of the LM 134 is shown in Figure 1. 
A reference voltage of 64mV is applied to the minus input 
of A1 with respect to the V- 
pin. A1 serves the drive to 
02 to keep the R pin at 64mV, independent of the value of 
RSET. Transistor 01 is matched to 02 at a 17:1 ratio so 
that the current flowing out of the V- 
pin is always 1/18 
of the total current into the V+ 
pin. This total current is 
called ISETand is equal to 


(64mv) 
(!§) = 67. 7mV . 


RSET 
17 
RSET 


The 67. 7mV equivalent reference voltage is directly pro- 
portional to absolute temperature 
in degrees Kelvin (see 
curve, 
"Operating 
Current 
vs 
Temperature"). 
This 
means that the reference voltage can be plotted as a 
straight line going from OmVat absolute zero temperature 
to 67.7mV at 298°K 
(25°C). 
The slope of this line is 
67.7mV1298 
= 227p,V/oC. 


The accuracy of the device is specified as a percent error 
at room temperature, 
or in the case of the -3 and -6 de- 
vices, as both a percent error and an equivalent tempera- 
ture error. The LM134 
operating current 
changes at a 
percent 
rate equal to (100) 
(227p,V/OC)/(67.7mV)= 
0.336% 1°C at 25°C, so each 1% operating current error 
is equivalent to "" 3°C temperature error when the device 
is used as a temperature 
sensor. The slope accuracy 
(temperature coefficient) of the LM134 is expressed as a 


ratio compared to unity. The LM134-3, 
for instance, 
is 
specified at 0.98T to 1.02T, indicating that the maximum 
slope error of the device is ±2% when the room temper- 
ature current is set to the exact desired value. 


Supply Voltage Slew Rate 


At slew rates above a given threshold (see curve), the 
LM134 may exhibit non-linear current shifts. The slewing 
rate at which this occurs is directly proportional to ISET.At 
ISET= 10p,A, maximum dv/dt is 0.01V Ip,S; at ISET= 1 mA, 
the limit is 1VIp,S. Slew rates above the limit do not harm the 
LM134, or cause large currents to flow. • 


Internal heating can have a significant 
effect on current 
regulation 
for ISET greater than 100p,A. For example, 


each 1V increase across the LM 134 at ISET= 1mA will in- 
crease junction temperature 
by "" 0.4 °C in still air. Out- 
put 
current 
(ISET) has a temperature 
coefficient 
of 


",,0.33%/OC, 
so the change in current due to tempera- 
ture rise will be (0.4) (0.33)=0.132%. 
This is a 10:1 
degradation 
in regulation compared to true electrical ef- 
fects. Thermal effects, therefore, must be taken into ac- 
count when DC regulation 
is critical and ISET exceeds 
100p,A. Heat sinking of the TO-46 package or the TO-92 
leads can reduce this effect by more than 3: 1. 


Shunt Capacitance 


In certain applications, the 15pF shunt capacitance of the 
LM134 may have to be reduced, either because of loading 
problems or because it limits the AC output impedance of 
the current source. This can be easily accomplished by buf- 
fering the LM 134 with an FET,as shown in the applications. 
This can reduce capacitance to less than 3pF and improve 
regulation by at least an order of magnitude. DCcharacteris- 
tics (with the exception of minimum input voltage) are not 
affected. 


Current noise generated by the LM 134 is approximately 4 
times the shot noise of a transistor. If the LM 134 is used 
as an active load for a transistor amplifier, input referred 
noise will be increased by about 12dB. In many cases, 
this is acceptable and a single stage amplifier can be built 
with a voltage gain exceeding 2000. 


Lead Resistance 


The sense voltage which determines the operating cur- 
rent of the LM134 
is less than 100mV. At this level, 
thermocouple 
or 
lead 
resistance 
effects 
should 
be 
minimized 
by 
locating 
the 
current 
setting 
resistor 
physically close to the device. Sockets should be avoided 
if possible. 
It takes 
only O.m contact 
resistance 
to 
reduce output current by 1% at the 1mA level. 


Start-Up 
Time 


The LM134 is designed to operate at currents as low as 
1pA. This requires that internal biasing current be well 
below that level because the device achieves its wide 
operating current 
range by using part of the operating 
current as bias current for the internal circuitry. Toensure 
start-up, 
however, a fixed trickle 
current 
must be pro- 


vided 
internally. 
This 
is 
typically 
in 
the 
range 
of 
20nA-200nA 
and is provided 
by the special ultra-low 
loss FETs shown in the Schematic Diagram as 07 and 
08. The start-up time of the LM134 is determined by the 
loss of these FETs and the capacitor C1. This capacitor 
must charge to approximately 
500mV before 03 turns on 
to start normal circuit operation. 
This takes as long as 
(500mV) 
(50pF)/(20nA)=1.25ms 
for very 
low loss 
values. 


Using the LM134 
as a Temperature Sensor 


Because it has a highly linear output characteristic, 
the 
LM 134 makes a good temperature 
sensor. It is particu- 
larly useful in remote sensing applications because it is a 
current output device and is therefore not affected by long 
wire runs. 
It is easy to calibrate, 
has good long term 
stability, and can be interfaced directly with most data ac- 
quisition 
systems, 
eliminating 
the expensive 
preampli- 
fiers required for thermocouples 
and platinum sensors. 


A typical 
temperature 
sensor application 
is shown 
in 
Figure 2. The LM134 operating current at 25°C is set at 
298pA by the 2260 resistor, giving an output of 1pA/oK. 
The current flows through the twisted pair sensor leads to 
the 1OkO termination resistor, which converts the current 
output to a voltage of 1OmV/oK referred to ground. The 
voltage across the 10kO resistor will be 2.98V at 25°C, 
with a slope of 10mV/oC. 
The simplest way to convert 
this signal to a Centigrade scale is to subtract a constant 
2.73V in software. 
Alternately, 
a hardware conversion 
can be used, as shown in Figure 3, using an LT1009 as a 
level shifter to offset the output to a Centigrade scale. 


The resistor (RSET) used to set the operating current of the 
LM134 in temperature sensing applications should have 
low temperature coefficient and good long term stability. 


TO 
OATA ACQUISITION 
SYSTEM 
10mV/oK 


-lSV 
10k 
ZERO 
':" 


AOJ 


30ppm/OC 
drift in the resistor will change the slope of the 
temperature sensor by 1%, assuming that the resistor is at 
the same temperature as the sensor, which is usually the 
case since the resistor should be located physically close to 
the LM134 to prevent errors due to wire resistance. A long 
term 
shift 
of 0.3% 
in the resistor will 
create a 1°C 
temperature 
error. The long term drift of the LM 134 is 
typically much better than this, so stable resistors must be 
used'for best long term performance. 


Calibration of the LM134 as a temperature sensor is ex- 
tremelyeasy. 
Referring to Figure 2, calibration is achieved 
by trimming the termination resistor ..This theoretically trims 
both zero and slope simultaneously 
for Centigrade and 
Fahrenheit applications. The initial errors in the LM134 are 
directly proportional to absolute temperature, just like the 
actual output. This allows the sensor to be trimmed at any 
temperature and have the slope error be corrected at the 
same time. Residual slope error is typically less than 1% 
after this single trim is completed. 


LM134-3 


R 


The two trims shown in Figure 3 are still intended to be a 
"one point" 
temperature calibration, 
where the zero and 
the slope are trimmed 
at a single 
temperature. 
The 
LT1 009 reference is adjusted to give 2. 700V at node' 'a" 
at TSENSOR= 25°C. The 1k trimmer then adjusts the out- 
put for 0.25V, 
completing 
the calibration. 
If the calibra- 
tion is to be done at a temperature 
other than 25°C, trim 
the LT1009 for 2.7025 - (1pA)[TSENSOR (OC)](100n) 
at 
node' 'a", 
then adjust the 1k trimmer for proper output. 


If higher accuracy 
is required, 
a two point calibration 
technique 
can be used. In Figure 4, separate zero and 
slope trims are provided. 
Residual non-linearity 
is now 
the limitation on accuracy. Non-linearity 
of the LM 134 in a 
3 


100°C span is typically less than 0.5°C. 
This particular 
method of trimming 
has the advantage that the slope trim 
does not interact with the zero trim. Trim procedure is to 
adjust 
for zero output 
with TSENSOR=O°C, 
then trim 
slope 
for 
proper 
output 
at some 
convenient 
second 
temperature. 
No further trimming 
is required. 


OUTPUT 


2260· 
10mV/·C 


332k 
11k· 


1% 
1% 


Low Output Impedance 
Thermometer (Kelvin Output) 


·OUTPUT 
IMPEOANCE OF THE lM134 
AT THE "R" 
PIN IS 


-RO 


APPROXIMATELY 160' WHERE RO IS THE EOUIVAlENT 


EXTERNAL RESISTANCE 
CONNECTED TO THE V- 
PIN. THIS 


NEGATIVE RESISTANCE CAN BE REDUCED BY A FACTOR OF 5 OR 
MORE BY INSERTING AN EDUIVAlENT 
RESISTOR IN SERIES 
WITH THE OUTPUT. 


Low Output Impedance 
Thermometer 


VOUT=10mV/OK 
ZOUT"20 


R3 
100 


VOuT=Vz+64mV@25°C 
IOUT"3mA 


LT1009 


VOUT= 1.2V 
lOUT" 200pA 


1N45r· 


R1· 
-6k 
1% 


°ISET= 1.;;" 
+10"" 


ISETTC =0.016%/"C 
+ 33nA1'C 


REGULATION=O.OOl%/V 


10=10nA 
Zo"'10'20 
COMPLIANCE = -14VTO 
+12.5V 


FET Cascading 
for Low Capacitance 
and/or 
Ultra High Output Impedance 


• 


v+ 


() 
R 
~I 


v 


H Package 
Metal Can 


0.209-0.219 
S 


I5.300-5.503) 
0.178-0.195 
n14.521-4.953) 
mfi 


0.085-0.105 
SEATlNG_ 
- 
12.159-2.667) 


PLANE 
t 
0.500 
o 0 0_ 
11~::) 


0.016-0.019 
II.- 
0.030 
(0.406 - 0.483) -- 
(0.762) 
OIA 
MAX 
0.100 
.•......• 
(2.540) 


Z Package 
Plastic 


~ 


~M 


=t 


5' 


NOM 


~ 
---J I.- 0.0145-0.0155 


10.3683 - 0.3937) 
TYP 
8EFORELEAO 
FINISH 


0.045 - 0.055 


I~:~H- 
(1~.143-1.397) 


NOM 
--.t 
3 
1 
2 


0.135-0.145 


10'NOM lJ 
(3.429-3.683) 
10'NOM 


• 
1~ to 10mA Operation 
• O.02%/V Regulation 
• O.8Vto 30V Operating Voltage 
• Can Be Used as Linear Temperature Sensor 
• 
Draws No Reverse Current 


• Current Mode Temperature Sensing 
• Constant Current Source for Shunt References 
• Cold Junction Compensation 
• Constant-Gain 
Bias for Bipolar Differential 
Stage 
• 
Micropower 
Bias Networks 
• 
Buffer for Photoconductive 
Cell 
• Current Limiter 


LM334S8 


Constant Current Source 
and Temperature 
Sensor 


The LM334 is a three-terminal 
current source designed to 
operate at current levels from 1JLA to 10mA, as set by an 
external 
resistor. 
The device 
operates 
as a true 
two- 
terminal current source, requiring no extra power connec- 
tions or input signals. Regulation 
is typically 
O.02%/V and 
terminal-to-terminal 
voltage can range from 800mV to 30V. 


Because the operating 
current 
is directly proportional to 
absolute temperature in degrees 
Kelvin, the device will 
also find wide applications 
as a temperature 
sensor. The 
temperature 
dependence 
of 
the 
operating 
current 
is 
+ O.336%/oC at room temperature. 
For example, a device Ell 
operating 
at 298JLA will have a temperature 
coefficient 
of 
+ 1JLA/oC. The temperature 
dependence is extremely accu- 
rate and repeatable. 


If 
a zero 
temperature 
coefficient 
current 
source 
is 
required, this is easily achieved by adding a diode and a 
resistor. 


Remote Temperature 
Sensor 
Operating Current vs 
with Voltage Output 
Temperature 
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OPERATING 
CURRENT 
(,.4) 


v + to V- Forward Voltage 
30V 
V+ to V- Reverse Voltage 
20V 
R Pin to V- Voltage 
5V 
Set Current 
10mA 
Power Dissipation 
200mW 
Operating Temperature Range 
O°Cto 70°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


ORDER 


TOPVIEW 
PART NUMBER 
'-lfaj" 


LM334S8 


R 
2 
7 
NC 


L 


V+ 
3 
6 
NC 


NC 4.. 
5 
NC 
PART MARKING 


S8PACKAGE 
PLASTICSO 
334 


LM334 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


""'SET 
Set Current Error, V+ = 2.5V 
10,.AslsETs1mA 
6 
% 
(Note 2) 
1mA<ISETs5mA 
8 
% 
2,.As ISET<10,.A 
12 
% 


Ratio of Set Current to 
10,.AslsETs1mA 
14 
18 
26 
V- Current 
1mA s ISETs 5mA 
14 
2~A s ISETs 1O~A 
18 
26 


VMIN 
Minimum Operating Voltage 
2,.A s ISETs 1OO~A 
0.8 
V 
100,.A<ISETs1mA 
0.9 
V 
1mA<ISETs5mA 
1.0 
V 


""ISET 
Average Change in Set Current 
1.5VsV+ 
s5V 
0.02 
0.1 
%N 


""V1N 
with Input Voltage 
2,.A s ISETS 1mA 
5VsV+ 
s30V 
0.01 
0.05 
%N 


1.5VsVs5V 
0.03 
%N 
1mA<lsETs5mA 
5VsVs30V 
0.02 
%N 


Temperature Dependence of 
25,.A s ISETs 1mA 
O.96T 
T 
1.04T 
Set Current (Note 3) 


Cs 
Effective Shunt Capacitance 
15 
pF 


Note 1: Unless otherwise specified, tests are performed at Tj = 25°C with 
pulse testing so that junction temperature does not change during test. 


Note2: 
Set current is the current flowing into the V+ pin. It is determined 
by the following 
formula: ISET= 67.7mV/RsET(@25°C).Setcurrenterroris 
expressed as a percent deviation from this amount.ISET increases at 
0.336%/OC@Ti=25°C. 


Note 3: ISETis directly proportional 
to absolute temperature 
(OK).ISETat any 
temperature can be calculated from: ISET= 10 (TIT0) where 10 is ISETmeas- 
ured alTo (OK). 


• 
Guaranteed Temperature Stability 
• 
Maximum O.6Q Dynamic Impedance 
• Adjustable for Minimum Temperature Coefficient 
• Wide Operating Current Range 


• 
Reference for 5V Systems 
• 8 Bit AID and DI A Reference 
• 
Digital Voltmeters 
• 
Current Loop Measurement and Control Systems 
• 
Power Supply Monitor 


LM 136-2 .5/LM336-2 
.5 


2.5 Volt Reference 


The LM136-2.5 is a general purpose shunt regulator 
diode designed to operate over a wide current range 
while maintaining good stability with time and tem- 
perature. The third terminal allows either the tempera- 
ture coefficient to be minimized or the reference 
voltage to be adjusted without changing the tempera- 
ture coefficient. Because it operates as a shunt regula- 
tor it can be used equally well as a positive or negative 
reference. 


The LM136-2.5 is available with initial tolerances as 
low as 1% in either a TO-46 metal can for hermetic re- 
quirements or a low cost TO-92 plastic package. 
Ell 
Linear's advanced design, test and process tech- 
niques have optimized the LM136-2.5 to achieve su- 
perior 
performance 
and reliability 
over 
previous 
designs. For more demanding precision reference ap- 
plications requiring very low initial tolerance and tem- 
perature coefficients, consult the LT1009 data sheet. 
A typical 2.5 Volt reference with trim is shown below. 
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LM136-2.5/LM336-2.5 


ABSOLUTE mAXimum 
RATinGS 
PACKAGE/ORDER 
InFORmATion 


Reverse Current 
15mA 
Forward Current. . . . . . . . . . . . . . . . . . . . . . .. 10mA 
Operating Temperature Range 
LM136-2.5. . . . . . . . . . . . . . . 
-55°C 
to 125°C 
LM336-2.5. . . . . . . . . . . . . . . . . . . 
O°Cto 70°C 
Storage Temperature Range 
LM136-2.5. . . . . . . . . . . . . . . 
-65°C 
to 150°C 
LM336-2.5 .. .. . . . .. .. .. . . 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 


LM136H-2.5 


LM136AH-2.5 
LM336H-2.5 


LM336BH-2.5 


'SEE NOTE 1 


LM336Z-2.5 


LM336BZ-2.5 


'SEE NOTE 1 


ELECTRICALCHARACTERISTICS(See note 1) 


LM13&A/LM13& 
LM33&B/LM33& 


SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vz 
Reverse 
Breakdown 
Voltage 
TA = 25°C, 
IR = 1mA 


LM 136/LM336 
2.440 
2.490 
2.540 
2.390 
2.490 
2.590 
V 
LM 136A1LM336B 
2.465 
2.490 
2.515 
2.440 
2.490 
2.540 
V 


I).Vz 
Reverse 
Breakdown 
Change 
with 
610 
Current 
400l'A 
•• IR •• 
10mA 
TA 
~ 
25°C 
2.6 
6 
2.& 
10 
mV 
Tmin 
~ 
TA 
~ 
Tmax 
• 
3 
10 
3 
12 
mV 


rz 
Reverse 
Dynamic 
Impedance 
IR = 1mA 
TA = 25°C 
0.2 
0.6 
0.2 
1.0 
II 


Tm!n 
:E;; TA 
~ 
Tmax 
• 
0.4 
1 
0.4 
1.4 
II 


I).Vz 
Temperature 
Stability 
VR adjusted 
to 2.490V, 
IR ~ 
1mA 


I).Temp 
Tmin 
~ 
TA 
~ 
Tmax 


LM 136A1LM 136 
• 
12 
18 
mV 
LM336B/LM336 
• 
1.8 
6 
mV 
(See Figure 
1.) 


I).Vz 
Long Term Stability 
TA 
~ 
25°C 
± 0.1°C, 
IR = 1mA 
20 
20 
ppm/kHr 


I). Time 


The. 
denotes the specifications 
which apply over full operating 
temperature 
range. 


No181: The LT1009 is an improved, low cost, pin for pin replacement 
for the "A" 
and "8" versions. 
For further 
information 
consult the 
LT 1009 data sheet. 
2.490V 


01 t 
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FORWARDCURRENT(mA) 


Zener Noise Voltage 
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SCHEmATIC DIAGRAm 
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LM 136-2 .5/LM336-2 
.5 


AOJJST 
R2 


FOR 3.7SV 


ACROSS 
Rl 


+5 
11 


5' 
l~336·2.5 
10k 


"'" 


I'll 
-5 
OUT 


9.761< 


I'll 


5000 


5k 


-5V 


PACKAGE DESCRIPTion 


H Package. 3 Lead TO-46 Metal Can 


(::=:~~'l r- 


J t 


l~:::=~:1 


0.080-0.100 
0.015 
(2.032-2.540) 


rYJbool' 


"'IN 
--l..- 


Don I:~:I 
~ 
MAX 


(0.406 - 0.483) 


OIA 
0.050 
0.100 


(1.270) 
(2.540) 
TYP 
TYP 
L-; 


~ 
0.175-0.185 
S"ND,", 
I 
I (4.445-4.699) 
~ 
-.-" 
~+ 


0.175-0.185 
I 
I 


(4.445-4.6991 
I 0 
I 
l 
-=t 


SEATING ----i---- 
L 
- 
- 
_ 
.•.• ---!. 


PlANE 
T 
~ 
5" 


l~i~1 
~ ~ ~ 
I~:' 
~ 
NOM 
MIN 
MAX 


I 
UNCONTROLLED 
--.L..-- 
LEAD 
DlA 


J-lll-~ 
--JI-~ 


~ 
I"' 
(O~~7) 
(O~l) 
(1.143-1.397) 
J4- 


0.045-0.055r 


:tJ~·143_1.397) 


123 


0.135-0.145 


lO"ND,", 
(3.429-3.683) 


• 
10JLA to 20mA operating range 
• 
Guaranteed 1% initial voltage tolerance 
• 
Guaranteed 1n dynamic impedance 
• Very low power consumption 


• 
Portable meter references 
• 
Portable test instruments 
• 
Battery operated systems 
• Current loop instrumentation 


LM 185- 1.2jLM385- 
1.2 
Micropower Voltage 
Reference 


The LM185-1.2 is a two terminal band gap reference 
diode that has been designed for applications which 
require precision performance with micropower oper- 
ation. 
The device provides 
guaranteed operating 
specifications at currents as low as 10JLA. The nomi- 
nal voltage is 1.235V with both 1% and 2% tolerances 
available. Some additional features are: maximum dy- 
namic impedance of 1n, low noise and excellent sta- 
bility over time and temperature. Advanced design, 
processing 
and testing 
techniques 
make Linear's 
LM185-1.2 a superior choice over previous designs. A 
micro-power 5V reference application is shown below. 
For guaranteed TC, micropower references, see the Ell 
LT1034 data sheet. 


Reverse Voltage Change 
with Current 
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REVERSE CURRENT 
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LM 185- 1.2jLM385- 
1.2 


ABSOLUTE mAXimum 
RATinGS 


Reverse Breakdown 
Current. 
. . . . . . . . . . . . . . 30mA 
Forward Current. 
. . . . . . . . . . . . . . . . . . . . . .. 
10mA 
Operating Temperature 
Range 
LM185-1.2 
-55°eto125°e 
LM385-1.2 
ooe to looe 
Storage Temperature 
Range 
LM 185-1.2 
. . . . . . . . . . . . . . . .. 
- 65°C to 150°C 
LM385-1.2 
-65°eto150oe 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


PACKAGE/ORDER InFORmATiOn 


BOTTOMVEW 
ORDER PART NUMBER 
8 


LM185H-1.2 
LM385H-1.2 
LM385BH-1.2 


H PACKAGE 
(NOTE 3) 
TO·46 
METAL CAN 


BOTTOM VIEW 
Q 


LM385Z-1.2 


LM385BZ -1.2 


Z PACKAGE 
(NOTE 3) 
TO-92 
PLASTIC 


ELECTRICALCHARACTERISTICS(See note 1) 


lMI85-1.2 
lM385-1.21385B·I.2 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vz 
Reverse Breakdown 
Voltage 
TA ~ 
25°C, 
Imin •• IR •• 
20mA 
lM1B5-1.2 
1.223 
1.235 
1.247 
V 
lM385-1.2 
1.205 
1.235 
1.260 
V 
lM385B-1.2 
(Note 3) 
1.223 
1.235 
1.247 
V 


tJ.Vz 
Average 
Temperature 
Coellicient 
Imln •• IR •• 
20mA (Note 2 and Note 3) 
20 
20 
ppm/oC 
tJ. Temp 


Imin 
Minimum 
Operating 
Current 
Tmin.:s;;;TA.:s;;;Tmax 
• 
8 
10 
8 
15 
IlA 


Reverse Breakdown 
Voltage 


Change 
with 
Current 
Imin •• IR •• 
1mA 


TA ~ 
25°C 
1 
1 
mV 


tJ.Vz 
Tmin 
~ 
TA 
~ 
Tmax 
• 
1.5 
1.5 
mV 
6r;- 


1mA •• 
IR •• 
20mA 
TA ~ 
25°C 
10 
20 
mV 
Tmin.:s;;; 
TA 
.:s;;;Tmax 
• 
20 
25 
mV 


rz 
Reverse Dynamic 
Impedance 
IR ~ 
100llA 
TA ~ 
25°C 
0.2 
0.6 
0.4 
1 
II 


Tmin.:s;;; 
TA 
::o::;;Tmax 
• 
1.5 
1.5 
II 


en 
Wide Band Noise (RMS) 
IR ~ 
100llA 
10Hz •• I •• 
10kHz 
60 
60 
IlV 


tJ.Vz 
long 
Term Stability 
IR ~ 
100ilA 


tJ.Time 
TA = 25°C ± 0.1°C 
20 
20 
ppm/kHr 


The. 
denotes the specifications 
which apply over full operating 
temperature 
range. 


Nole 1: All specificalions 
are for TA = 25°e unless otherwise 
noted. 


For the LM 185-1.2 Tmin = -55°e 
and Tmax = + 125°e. For LM385- 
1.2 Tmin = ooe and Tmax = +70oe. 


Nole 2: Selected devices with guaranteed 
maximum temperature 
coefficient 
are available upon request. 


Note 3: For applications requiring low initial tolerance guaranteed over 
temperature consult LT1004 data sheet. The LT1004 is a low cost pin 
for pin substitution 
device 


LM 185- 1.2/LM385- 
1.2 


Noise Voltage 
Filtered Output Noise 


700 
70 


600 
60 
1.5 
in 
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~ 
50 
1.0 


~ 
:5 
~ 
400 
~ 
40 
0.5 
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0 
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c 
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(5 
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z 
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~ 
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5V 
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10 
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FREQUENCY(Hz) 
CUTQFFFREQUENCY(Hz) 
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1.240 


~ 
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/ 
,.,.- 
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-85 
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TEMPERATURE(OCI 


Reverse Dynamic Impedance 
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400 
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TIME ("SEe) 


LM185-1.2jLM385-1.2 


Micropower Reference for 9V Battery 


+9V 


1.2V Reference from 1.5V Battery 


+1.5V 


8 


0.209-0.219 


(5.300-5.503) 


0.178-0.195 
(4.521-4.953) 


- 
0.085-0.105 


SEA~ -HP(20':'-2;71 


2LEADS-O 
O-D(12.700) 
(~:~~:=~:~~~J 
w --1 ~ 
(~:~~~) 
MAX 


5' 
NOM 


~ 


~ 
I~ 
0.0145-0.0155 


~ 
(0.3683-0.3937) 


TYP 
BEFORE 
LEAD 


fNSH 


-~~~J 


-W ~ 
(~0.~87) 


0.045-0.055 
~ 
TYP 
(1.143-1.397) 


LM 185-2 .5/LM385-2 
.5 
Micropower Voltage 
Reference 


The LM185-2.5 is a two terminal band gap reference 
diode that has been designed for applications which 
require precision performance with micropower oper- 
ation. 
The device provides guaranteed operating 
specifications at currents as low as 20~A. The nomi- 
nal voltage is 2.5V with both 1% and 2% tolerances 
available. Someadditional features are: maximum dy- 
namic impedance of H2, low noise and excellent sta- 
bility 
over time and temperature. 
The advanced 
design, processing and testing techniques make Lin- 
ear's LM185-2.5 a superior choice over previous de- 
signs. A circuit for cold junction compensation of a 
thermocouple is show below. 


For applications 
requiring guaranteed temperature 
drift, see the LT1034 data sheet. 


• 20~A to 20mA operating range 
• 
Guaranteed 1% initial voltage tolerance 
• 
Guaranteed 1Q dynamic impedance 
• Very low power consumption 


• 
Portable meter references 
• 
Portable test instruments 
• 
Battery operated systems 
• 
Panel meters 
• 
Current loop instrumentation 
• 


2 MERCURY 
CEUS 
2.6V 


10k 
ADJUST 
FOR 
12.17mV 
AT 25°C 


ACROSS 
450n 


LM 185-2.5jLM385-2.5 


ABSOLUTE mAXimum 
RATinGS 


Reverse Breakdown Current. . . . . . . . . . . . . . . 30mA 
Forward Current. 
10mA 
Operating Temperature Range 
LM185-2.5 
-55°C 
to 125°C 
LM385-2.5 
O°C to 70°C 
Storage Temperature Range 
LM185-2.5 
-65°C 
to 150°C 
LM385-2.5 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 


PACKAGE/ORDER InFORmATiOn 


BOTTOM VIEW 
ORDERPART NUMBER 
(3 


LM185H-2.5 
LM385H-2.5 
LM385BH-2.5 


H PACKAGE 
(NOTE 2) 
TO·46 
METAL CAN 


BOTTOM VIEW 
Q 


LM385Z-2.5 


LM385BZ-2.5 


Z PACKAGE 
(NOTE 2) 


TO·92 
PLASTIC 


ELECTRICALCHARACTERISTICS(See note 1) 


LM185·Z.5 
LM385-Z.5/385B-Z.5 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vz 
Reverse Breakdown 
Voltage 
TA = 25°C, 20llA 
•• IR •• 
20mA 


LM185-2.5 
2.462 
2.5 
2.538 
V 


LM385-2.5 
2.425 
2.5 
2.575 
V 
LM385B-2.5 
(Note 2) 
2.462 
2.5 
2.538 
V 


tlVz 
Average Temperature 
Coefficient 
20llA 
•• IR •• 
20mA (Note 2) 
20 
20 
ppml"C 
6 Temp 


Imin 
Minimum 
Operating 
Current 
Tmin :s;: TA 
~ 
Tmax 
• 
8 
20 
8 
20 
IlA 


Reverse Breakdown 
Voltage 
Change with Current 
20llA 
•• IR •• 
lmA 
TA ~ 
25°C 
1 
2 
mV 


6Vz 
Tmin::s;;;: TA 
~ 
Tmax 
• 


1.5 
2.5 
mV 


61R 


lmA 
•• IR •• 
20mA 
TA ~ 
25°C 
10 
20 
mV 


T min 
~ 
TA 
:::;;; T max 
• 
20 
25 
mV 


rz 
Reverse Dynamic 
Impedance 
IR ~ 
lOOIlA (Note 3) 
TA ~ 
25°C 
0.2 
0.6 
0.4 
1 
II 


Tmin~TA~Tmal( 
• 


1.5 
1.5 
II 


eo 
Wide Band Noise (RMS) 
10Hz •• I •• 
10kHz, IR ~ 
100llA 
120 
120 
IlV 


6Vz 
Long Term Stability 
TA ~ 
25°C ± O.l°C, 
IR = lOOIlA 
20 
20 
ppm/kHr 


6 Time 


The. 
denotes 
the specifications 
which 
apply 
over lull operating 
temperature 
range. 


Note 1: 
All specifications 
are for TA = 25°e 
unless 
otherwise 
noted. 
For 


the LM185-2.5 
Tmin= - 55°e 
and Tmax= + 125°e. 
For LM385-2.5 


Tmin=Ooe 
and Tmax= + 70oe. 


Note 2: 
For very 
low initial 
tolerance, 
consult 
LTl004 
data sheet. 
The 


LT1004 
is a low cost, 
pin for pin substitution 
device. 
For guaranteed 


temperature 
coefficient 
consult 
the LTl 034-2. 
5 data sheet. 


Note 3: 
Guaranteed 
but not tested. 


LM 185-2.5jLM385-2.5 


Reverse Characteristics 
Forward Characteristics 
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e: 
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~ 
~ 
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'-'~ 
~ 


I UJllll f I~IJ~W 
-55°C 
TO + 125°C 
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~ 


I\. 
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r.. - 
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~ 
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~ 
§Z 2.505 
'-' 
~ 
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~ 
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TEMPERATURElOG) 


Noise Voltage 
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1000 


~ 
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<n 
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'" 
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24k 
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LM 185-2.5/LM385-2.5 


PACKAGE DESCRIPTion 


H Package, 2 Lead TO·46 Metal Can 


I::=:~;'l f 
J 


0.178-0.195 
(•. 521-4.953) 


0.080 -0.100 
0.015 
(2.032-2.540) 
r~DDl' 


MIN 
---.l..- 


o 0 
(~:~~) 


0.016-0.019 
MAX 
(0.406-0.483) 
~A 


0050 
0.100 


(1:270) 
(2.540) 


TYP 
TYP 
L-1 


0.060",0.005 
~ 
O'A 


~ 
-=i 


5" 


NOM 


~ 
-I L 
0.015=*:0.002 
(0.381*0.051) 


• 
151lAto 20mA Operating Range-1.2V 
Version 
• 20llA to 20mA Operating Range-2.5V 
Version 
• Guaranteed W Dynamic Impedance 
• Very Low Power Consumption 


• 
Portable Meter References 
• 
Portable Test Instruments 
• Battery Operated Systems 
• Panel Meters 
• Current Loop Instrumentation 


LM385S8-1.2/LM385S8-2.5 


Micropower Voltage 
Reference 


The LM385 series are two terminal 
band gap reference 
diodes that have been designed for applications 
which reo 
quire precision 
performance 
with micropower 
operation. 
The devices provide guaranteed 
operating 
specifications 
at currents as low as 151lA.Some additional 
features are: 


maximum dynamic impedance of W, low noise and excel· 
lent stability 
over time and temperature. 
The advanced de· 
sign, processing 
and testing 
techniques 
make Linear's 
LM385 series a superior choice over previous designs. A 
circuit 
for cold junction 
compensation 
of a thermocouple 
is shown below. 
• 


IQ~50"A 


16k 


1M 


2 MERCURY 
- 
CEllS 
2.6V 


Reverse Voltage Change 
with Current 
(LM385·1.2) 


Reverse Breakdown 
Current 
30mA 
Forward Current 
10mA 
Operating 
Temperature 
Range 
O°C to lO°C 
Storage Temperature 
Range 
- 65°C to 150°C 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


ORDER 


TOP VIEW 
PART NUMBER 


OCIilj 


LM385S8-1.2 


NC 
2 
7 
NC 
LM385S8-2.5 


NC 
3 
6 


NC 


4 
5 
(00 NOT USE) 


PART MARKING 


S8 PACKAGE 
PLASTIC SO 
3851 (1.2V VERSION) 
3852 (2.5V VERSION) 


LM385·1.2 
LM385·2.5 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vz 
Reverse Breakdown Voltage 
TA= 25°C, 20jlA SiR S 20mA 
1.205 
1.235 
1.260 
2.425 
2.5 
2.575 
V 


~ 
Average Temperature Coefficient 
IM1N SiR S 20mA (Note 2) 
20 
20 
ppm/oC 


6Temp 


Imin 
Minimum Operating Current 
TminsTAsTmax 
• 
8 
15 
8 
20 
~A 


6Vz 
Reverse Breakdown Voltage 
IminslRs1mA 


61R 
Change with Current 
TA=25°C 
1 
2 
mV 
Tmin<TA<Tmax 
• 
1.5 
2.5 
mV 


1mAsIRs20mA 
TA=25°C 
20 
20 
mV 
Tmin<TA <Tmax 
• 
25 
25 
mV 


rz 
Reverse Dynamic Impedance 
IR=100~A 
TA=25°C 
0.4 
1 
0.4 
1 
0 


Tmin<TA < Tmax 
• 
1.5 
1.5 
0 


en 
Wide Band Noise (RMS) 
10Hzsfs10kHz, 
IR= 100~A 
60 
120 
~V 


~ 
Long Term Stability 
TA= 25°C ± 0.1°C, IR= 100~A 
20 
20 
ppm/kHr 


6Time 


The • 
denotes the specifications 
which apply over full operating 
tem- 


perature range. 


Note 1: All specifications 
are for TA= 25°C unless otherwise noted. 
Tmin= OOCand Tmax= + 70°C. 


Note 2: For guaranteed TC and very low initial tolerance, consult 
LT1034CS8 data sheet. The LT1034CS8 is a low cost, pin for pin substitution 
device. 


• 
Guaranteed 0.5 ppm/ °C temperature coefficient 
• 
Guaranteed 1.0 Q max. dynamic impedance 
• 
Guaranteed 20J.lVRMS max. noise 
• 
Guaranteed initial tolerance of 2% 
• Wide operating current range 


• 
Precision voltage reference for multi meters 
• Calibration equipment voltage standards 
• 
Laboratory measurement equipment 
• 
Industrial monitor/control 
instruments 
• High accuracy data converters 


LM199/LM399 
LM199A/LM399 
A 


Precision Reference 


The LM199/399 
precision reference features excel- 
lent temperature stability over a wide range of voltage, 
temperature, and operating current conditions. A sta- 
bilizing heater is incorporated with the active zener on 
a 
monolithic 
substrate 
which 
nearly 
eliminates 
changes in voltage with temperature. The subsurface 
zener operates over a current range of O.SmAto 10mA, 
and offers minimal noise and excellent long term 
stability. 


Ideal applications for the LM199/399 include digital 
voltmeters, precision calibration equipment, current 
sources and a variety of other precision low cost refer- 
ences. A 10 volt buffered reference application 
is 
shown below. 


10 Volt Buffered Reference 
Reverse Voltage Change 


+15V 


7.5k 
9k 
:> 
5% 
.§. 


0.1% 
w 
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« 
5 
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20k 
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rr: 
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10 
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REVERSE 
CURRENT 
(mAl 
- 


LM199/LM399 
LM199A/LM399A 


PACKAGE/ORDER 
InFORmATion 


Temperature Stabilizer. . . . . . . . . . . . . . . . . . .. 
40V 
Reverse Breakdown Current. . . . . . . . . . . . . . . 20mA 
Forward Current. . . . . . . . . . . . . . . . . . . . . . . .. 
1mA 
Reference to Substrate Voltage V(RS),(Note 1). -0.1V 
Operating Temperature Range 
LM199/199A 
-55°Cto 
125°C 
LM399/399A 
O°Cto lO°C 
Storage Temperature Range 
LM199/199A 
-65°Cto 
150°C 
LM399/399A 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 


+~--0+ 


HPKG 


TO-46 
METAl 
CA.N INSIDE 
THERMAL 
SHIELD 


ORDERPARTNO. 


LM199H, LM199AH 
LM399H, LM399AH 
LM199AH-20,LM399AH-50 
M' 
t- --- ~ 


I 
H 
I 


I 
I 
I 
I 
L 
...J 


- 
- 


4 
2 


FUNCTIONAL BLOCK 
DIAGRAM 


ELECTRICALCHARACTERISTICS(See note 2) 


LM199/199A 
LM399/399A 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
UNITS 


Vz 
ReverseBreakdown Voltage 
O.5mA •• 'R 
•• 
10mA 
• 
6.8 
6.95 
7.1 
6.75 
6.95 
7.3 
V 


D.Vz 
Reverse Breakdown Voltage 
Change with Current 
0.5mA •• IR 
•• 
10mA 
• 
6 
9 
6 
12 
mV 


rz 
Reverse Dynamic Impedance 
IR 
~ 
lmA (Note 5)(10:sf:sl00Hz) 
• 
0.5 
1 
0.5 
1.5 
(J 


Temperature Coefficient 
LM199/LM399 
-55°C 
•• TA •• 85°C 
0.3 
1 
ppm/oC 
+85°C •• TA •• 125°C 
5 
15 
ppml"C 


D.Vz 
O°C •• TA •• 70°C 
0.3 
2 
ppml"C 


D.Temp 


LM199A1LM399A 
-55°C 
•• TA •• 85°C 
0.2 
0.5 
ppm/oC 


+85°C •• TA •• 125°C 
5 
10 
ppml"C 
O°C •• TA •• 70°C 
0.3 
1 
ppml"C 


en 
RMS Noise 
10Hz •• f •• 10kHz 
• 
7 
20 
7 
50 
!JoV 


D.Vz 
Long Term Stability 
Stabilized, 22°C •• TA •• 28°C 
8 
Note 3 
8 
Note 3 
ppm/..,Jj(H 
D.Time 
1000 Hours, IR ~ 
lmA ±0.1% 


IH 
Temperature Stabilizer 
TA ~ +25°C, Still Air, VH ~ 
+30V 
8.5 
14 
8.5 
15 
mA 
Supply Current 
TA = -55°C 
(Note 4) 
22 
28 
VH 
Temperature Stabilizer Supply Voltage 
• 
9 
40 
9 
40 
V 
Warm-up Time to ±0.05% Vz 
VH ~ 
30V,TA ~ 25°C 
3 
3 
Seconds 
Initial Turn-on Current 
9V •• VH •• 40V, TA ~ 25°C, (SeeNote4) 
140 
200 
140 
200 
mA 


The. 
denotes the specifications 
which apply over full operating 
temperature 
range. 


Note 1: The substrate 
is electrically 
connected 
to the negative 
terminal 
of the temperature 
stabilizer. 
The voltage that can be 
applied to either terminal 
of the reference 
is 40V more positive 
or 
0.1V more negative 
than the substrate. 


Note 2: These specifications 
apply for 30V applied to the temperature 
stabilizer 
and -55°C.;;; 
TA 
.;;; 125°C for the LM199; and O°C .;;; TA 
.;;; 70°C for the LM399. 


Nole 3: Devices with 
maximum 
guaranteed 
long term stability 
of 
20 ppm/..,!kH 
are available. 
Drift decreases 
with time. 


Note 4: This initial 
current 
can be reduced by adding an appropriate 
resistor 
and capacitor 
to the heater circuit. 
See the performance 
characteristic 
graphs to determine 
values. 


Note 5: Guaranteed by "Reverse Breakdown Change with Current" 
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LM199/LM399 
LM199A/LM399 A 


o 


-55 
-35 
-15 
5 
25 
45 
65 
85 
105 
125 


TURN 
QN TEMPERATURE 
(OC) 


8 
12 
16 


HEATER QN TIME 
(SEC) 


1 


120 


~ 
100 
a: 
§5 
80 


'-' 
ffi 
60 
8 
:I: 
40 


2 
4 
6 
8 
10 
12 
14 
16 
18 


TIME 
(SEC) 


Limiting Surge Current 
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400 
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MINIMUM SUPPLY VOLTAGE (V) 


• Heater must be bypassed 
with a 2 "F or larger 
tantalum 
capacitor 
if resistors 
are used. 


Long Term Reference Performance 
44 Units Tested 


NJ 
JI. ,. ~ 
!LJ litIi•• 


Negative Heater Supply with 
Positive Reference 


6.95V 


LM399 


LM199/LM399 
LM199A/LM399 A 


2-m 


H Package, 4 Lead 
TO·46 Metal Can 


0209 -0219 


(5309-5563) l- r 


l-o 
178-0 
195 


(4521-4953) 


0085-0105 
0015 
(2159-2667) 


..Q2QQ.. 
(0381) 


(1270) 
MAJ(~ 
I 


Mi 
N 
+ 
-'- 


~ 
t 


0.025 
o 0 0 
(0.635) 


0016-0.019 ? 
MAX 
(0406-0483) 


OIA 


0050 
0.100 


(1:270) 
(2540) 


TYP 
TYP 


+ 


0.050 
(1.270) 


TYP 


Thermal Shield· 


For TO-46, H Package 


J 


I 


LO.l00 


(2540) 


L 
0.050 
(1.270) 


FEATURES 


• 
Direct Replacement for Present References 
• Ultra Low Drift-3ppm/oC 
Typ. 


• Curvature Corrected 
• Series or Shunt Operation 
• 
Ultra High Line Rejection =::% ppmIV 
• 
Low Output Impedance =::0.020 
• Tight Initial Output Voltage 
• 
100% Noise Tested 


APPLICATions 


• A to D and Dto A Converters 
• 
Precision Regulators 
• Constant Current Sources 
• V to F Converters 
• 
Bridge Excitation 


LT580/LT581 


Precision References 


DESCRIPTion 


The LT580/LT581are bandgap voltage references utilizing 
thin film technology 
and a greatly improved curvature 
correction technique. Wafer level trimming of both refer· 
ence and output voltage combines to produce units with 
high yields to very low TC and tight initial tolerance of out· 
put voltage. 


The LT580/LT581 can both sink and source up to 10mA 
and can be used in either the series or shunt mode. This 
allows the reference to be used for both positive and nega· 
tive output voltages without external components. Mini· 
mum input·output voltage is less than 1V in the series 
~ 
mode, providing improved tolerance of low line conditions. 
~ 


For voltage 
references 
with 
improved 
specifications, 
please see the LT1019,LT1021,and LT1031data sheets. 


fB 


c~~s 
lOUT 


.., 
,,/ 


_1.002 
!iJ 


~ 
1.001 
o 
:z 
~ 
1.000 


""':;o 
~ 0.999 


§ 0.998 


0.997-so 
-25 
0 
25 
so 
75 
100 
125 
TEMPERATURE 
(0G) 


ABSOLUTEmAXimum 
RATinGS 


Input Voltage, 
, .. , .. , , 
' ", 
", 
40V 


Storage Temperature 
Range. 
, .. , , . , .. , - 65°e to 175°e 


Lead Temperature 
(Soldering, 
10 sec.) , , .. , , . , .. , , 3000e 


Operating 
Temperature 
Range 
J, K, L, M Grades 
, 
, 
, ooe to 700e 
S, T, U Grades. 
, , . , 
, .. , 
, .. , .. 
- 55°e to 125°e 


ORDER PART 


BonOM VIEW 
NUMBER 
INPUT 
w"·,,·, 


LT580JH 
LT580KH 
LT580LH 
LT580MH 


GROUNO 
LT580SH 


H PACKAGE 
LT580TH 
TO-52METALCAN 


LT580UH 


BOTTOMVIEW 
LT581JH 


INPUT 
LT581KH 
woo,., 


LT581LH 
LT581SH 
LT581TH 
LT581UH 


GROUND 


H PACKAGE 


TO-39METALCAN 


SYMBOL 
PARAMETER 
CONDITIONS 
LT580 
UNITS 
MIN 
TYP 
MAX 


VR 
Output Voltage 
LT580J 
2.425 
2.500 
2.575 
V 


LT580K, S 
2.475 
2.500 
2.525 
V 


LT580L, M, T, U 
2.490 
2.500 
2.510 
V 


TC 
Output Voltage Change 
LT580J (O°C to 70°C) 
• 
15 
(85) 
mV(ppm/°C) 


Over Temperature 
in 
LT580K (O°C to 70°C) 
• 
7 
(40) 
mV(ppm/°C) 


mV and (ppm/°C) 
LT580L (O°C to 70°C) 
• 
4.3 (25) 
mV(ppm/°C) 


LT580M (O°C to 70°C) 
• 
1.75(10) 
mV(ppm/°C) 


LT580S (- 55°C to + m°C) 
• 
25 
(55) 
mV(ppml°C) 


LT580T ( - 55°C to + m°C) 
• 
11 
(25) 
mV(ppml°C) 


LT580U (- 55°C to + 125°C) 
• 
45 
(10) 
mV(ppm/°C) 


AVDUT 
Line Regulation 
7V",VIN",30V 
LT580J, S 
0.5 
6 
mV 


AVIN 
LT580K 
0.5 
4 
mV 


LT580L, M, T, U 
0.5 
2 
mV 


4.5V",VIN",7V 
LT580J, S 
0.1 
3 
mV 


LT580K 
0.1 
2 
mV 
LT580L, M, T, U 
0.1 
1 
mV 


AVOUT 
Load Regulation 
(Sourcing) 
o ",lOUT'" 10mA 
1 
10 
mV 


AIOUT 
Shunt Mode 
1.5mA", ISHUNT'" 1OmA 
2 
10 
mV 


10 
Quiescent 
Current 
0.75 
1.5 
mA 


en 
Output Noise (Note 1) 
O.lHz to 10Hz 
10 
~Vp-p 


Output Voltage 
Per Month 
25 
~V 
Stability 
with Time 
Long Term 
250 
~V 


SYMBOL 
PARAMETER 
CONDITIONS 
LT581 
UNITS 
MIN 
TYP 
MAX 


VR 
Output Voltage 
LT581S, J 
9.970 
10.000 
10.030 
V 


LT5811, K 
9.990 
10.000 
10.010 
V 


LT581U, L 
9.995 
10.000 
10.005 
V 


TC 
Output Voltage 
LT581J (O°C to 70°C) 
• 
13.5(30) 
mV (ppml°C) 


Change, Maximum 
LT581 K (O°C to WC) 
• 
6.75 (15) 
mV (ppmIOC) 


Deviation from 25°C 
LT581 L (O°C to WC) 
• 
2.25(5) 
mV (ppml°C) 


in mV and (ppm/°C) 
LT581S(-55°CIO 
+ 125°C) 
• 
30 
(30) 
mV (ppml°C) 


LT5811 (- 55°C 10 + 125°C) 
• 
15 
(15) 
mV(ppml°C) 
LT581U(-55°Cto 
+ 125°C) 
• 
10 
(10) 
mV (ppm/°C) 


IIVOUT 
Line Regulation 
15V"V1N,,30V 
0.5 
3 
mV 


IIV1N 
13V "VIN" 
15V 
0.1 
1 
mV 


IIVOUT 
Load Regulation (Sourcing) 
0" lOUT" 5mA 
50 
500 
~VlmA 


IIloUT 
Shunt Mode 
1mA" ISHUNT"5mA 
100 
500 
~VlmA 


10 
Quiescent Current 
0.75 
1.0 
mA 


en 
Output Noise (Note 1) 
0.1Hz to 10Hz 
30 
~Vp-p 


Long Term Stability 
Non-Cumulative 
25 
ppm/kHr 


Isc 
Short Circuit 
30 
mA 
Current 


lOUT 
Output Current 
Sourcing 
10 
25 
mA 
Sourcing 
• 
5 
mA 
Sinking 
• 
5 
mA• 


The. 
denotes the specifications 
which apply over the full operating 


temperature 
range. 
Note 1: Although 0.1Hz to 10Hz noise is not a standard 
production 
test, 


Linear Technology does 100% test 10Hz to 1kHz noise. Consult factory 
for details. 


, 


390ll 
I 
+VIN 


: ZN6040 


I 


tVs 


LT560 
I 
LT581 OUT 
-VREF 


oJ 
GNO 


RZ 
R3 
O.I_F 
ZOk 
tVs 
R1 


LT581 OUT 
Your 
t10VAT 4A 
':" 
-15V 


GNO 


':" 


V+",(VourtZ.8Vj 


GLOWSIN 
Rl 


CURRENTLIMIT 
LEO 
zzon 
(00 NOTOMIT) 
~~ 


R1 
RZ 
IN 
LT580J 
47n 
2k 
LT560 
LT580K,S 
150 
2k 
LT581 OUT 
ILOAD " 100mA 


LT580L,M,T,U 
6.80 
2k 


LT581S,J 
180 
5k 
GND 
Z_FSOLIDTANTALUM 
LT581T,K 
6.80 
5k 


LT581U,L 
3.30 
5k 


':" 


IN 


LT580 
LT581 


GNo 


2 


-15V 


Negative 
Series Reference 
Optional 
Trim Configuration 


+15V 


Rl' 
LT580 


LT581 


IN 
OUT 


10kQ 


TRIM 
MAX 
'=' 
R 
RANGE 
4TCR 


220 
±3QmV 
3.5ppml'C 
4.3kQ 
120 
±10mV 
2.0ppml'C 


3.00 
±5mV 
O.6ppml'C 
-15V 


PACKAGE DESCRIPTiOn 


LT580 
TO·52 


0.016-0.019 
(0.406-0.4831 


OIA 
0.0501J.!!Q. 
(1.270) (2.540) 


TYP 
TYP 


~I 


LT581 
TO·39 


a 


(:5~::)1 


0165-0185 
(7747-8509) 
0.050 
(4191-470) 
OIA 
(1.270) 


MAX 
--l 


0.500 
----r 


(12.70) 
~ 
~ 
~ 
MIN 
~ 
t 
(0.406-0.483) 


OIA 3 LEADS 


0.050 
(1.2701 


TYP 


REF-O' / REF-02 


Precision Voltage 
References 


DESCRIPTion 


The REF-01 / REF-02 are precision 10V and 5V bandgap 
references which 
provide stable output voltages over a 
wide range of operating conditions. Output voltage is accu- 
rate to ± 0.3% with a low 5ppm/oC 
typical temperature 
coefficient. The REF-01 and REF-02 are excellent choices 
for applications 
where low drift. moderate accuracy, low 
power consumption 
and low cost are considerations. 


The REF-02 includes a temperature output pin which pro- 
vides a linear voltage proportional to absolute temperature. 
• 


For lower drift and higher accuracy 
references, 
please 
see the LT1019 and LT1021 data sheets. 


• Trimmed Output 
±0.3% 
• Low Drift-5ppm/oC 
Typical 
• Low Noise-3ppm 
(p-p) 
• High Line Rejection 
• Temperature Output-REF-02 
• Low Supply Current 1.4mA Max. 


• A to D and D to A Converters 
• Precision Regulators 
• Constant Current Sources 
• V to F Converters 
• Bridge Excitation 


Output Voltage Temperature 
Drift 


is 1.002 
~ 
1 


1001 


~ 
1.000 
g 


~ 
0.999 


i< 
" 
FULL TEMP RANGEBOX GUARANTEEDFOR 
o 0.998 
REF·01A AND REF·02A (8. 5ppmj °C) 


35m" 
'hW 
"REDUCES REFERENCEAND AMPLIFIER 
LOADINGTO ~O. 


-15V 
"IF 
R6~R3. 
BRIDGEIS NOT LOADED 
BY R2 AND R4. 
tAl 
Vas ANO DRIFT ARE NOT CRITICAL. 


0.997 


-SO 
-25 
0 
25 
SO 
75 
100 
125 
TEMPERATURE1°C) 


ABSOLUTE mAXimum 
RATinGS 


REF-01 102, A, E, H 
40V 
REF-01 C102C 
30V 
Power Dissipation 
500mW 
Output Short Circuit Duration 
ToGround 
Indefinite 
ToVIN ::s16V 
Indefinite 
ToVIN> 16V . . . . . . . . . . . . . . . . . . . .. 
Not Allowed 
Storage Temperature. 
. . . . . . . . . . .. 
- 65°C to 150°C 
Operating Temperature 
REF-01/02, 
REF-01A/02A 
-55°Cto125°C 
REF-01E/02E, 
REF-01H/02H, 
REF-01C/02C, 
REF-01D/02D 
0°Cto70°C 


TOPVIEW 


NC' 


8 


4 
GND(CASE) 


METALCANHPACKAGE 


'INTERNALLYCONNECTED. 
DONOT 
CONNECTEXTERNALLY. 


-DO NOTCONNECTONREF-01. 


TOPVIEW 


NC'08NC' 
INPUT 2 
7 NC' 


TEMP" 3 
6 OUTPUT 


GND 4 
5 TRIM 


PLASTICDIPN8PACKAGE 
8 PINHERMETICDIP 


'INTERNALLYCONNECTED. 
DONOT 


CONNECTEXTERNALLY. 


-DO NOTCONNECTONREF-Ol. 


ORDER PART 
NUMBER 


REF-01AH 
REF-01 H 
REF-01EH 
REF-01HH 
REF-01CH 


REF-02AH 
REF-02H 
REF-02EH 
REF-02HH 
REF-02CH 
REF-02DH 


REF-01 EJ8 
REF-02EJ8 
REF-01 HJ8 
REF-02HJ8 
REF-01 CJ8 
REF-02CJ8 
REF-01 EN8 
REF-02DJ8 
REF-01 HN8 
REF-02EN8 
REF-01CN8 
REF-02HN8 
REF-02CN8 
REF-02DN8 


REF-01A/E 
REF-OllH 
SYMBOL 
PARAMETER 
CONDITIONS 
REF-02A/E 
REF-02lH 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo 
Output Voltage 
IL =0 
REF-Ol 
9.97 
10.00 
10.03 
9.95 
10.00 
10.05 
V 
REF-02 
4.985 
5.000 
5.015 
4.975 
5.000 
5.025 
V 


Output Adjustment 
Rp= 10k{l 
REF-01 
±3.0 
+5, 
-27 
- 
±3.0 
+5, 
-27 
- 
% 


Range 
REF-02 
±3.0 
+5. 
-13 
- 
±3.0 
+5, 
-13 
- 
% 


enp_p 
Output Voltage 
0.1Hz to 10Hz (Note 6) 
REF-01 
- 
20 
- 
- 
20 
- 
I'Vp-p 
Noise 
REF-02 
- 
10 
- 
- 
10 
- 
I'Vp-p 


V1N 
Input Voltage Range 
REF-01 
12 
- 
40 
12 
- 
40 
V 
REF-02 
7 
- 
40 
7 
- 
40 
V 


Ll.VOUT 
Line RegUlation 
(VOUT+ 3V):s VIN:S 33V 
- 
0.0001 
0.010 
- 
0.0001 
0.010 
%/V 


Ll.VIN 
(Note 1) 


Ll.VOUT 
Load Regulation 
IL -OmA 
to 10mA 
REF-01 
- 
0.0005 
0.008 
- 
0,0005 
0.010 
%/mA 


Ll.IOUT 
(Note 1) 
REF-02 
- 
0.0010 
0.010 
- 
0.001 
0.010 
%/mA 


10 
Quiescent Supply 
No Load 
- 
0.65 
1.4 
- 
0.65 
1.4 
mA 
Current 


lOUT 
Load Current 
10 
20 
- 
10 
20 
- 
mA 


Sink Current 
-0.3 
-20 
- 
-0.3 
-20 
- 
mA 


Isc 
Short Circuit 
Vo-O 
- 
25 
- 
- 
25 
- 
mA 
Current 


VT 
Temperature Voltage 
(Note 2) 
REF-02 Only 
- 
620 
- 
- 
620 
- 
mV 
Output 


REF-01C 
REF-020 
SYMBOL 
PARAMETER 
CONDITIONS 
REF-02C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo 
Output Voltage 
IL =OmA 
REF-01 
9.90 
10.00 
10.10 
V 
REF-02 
4.950 
5.000 
5.050 
4.900 
5.000 
5.100 
V 


Output Adjustment 
Rp= 10kfl 
REF-01 
+5, 
-27 
- 
- 
- 
- 
% 


Range 
REF-02 
±2.7 
+5, 
-13 
- 
±2.0 
+5, 
-13 
- 
% 


enp.p 
Output Voltage 
0.1 Hz to 10Hz (Note 6) 
REF-01 
30 
- 
!,Vp-p 
Noise 
REF-02 
- 
12 
- 
- 
12 
- 
!,Vp-p 


llVOUT 
Line Regulation 
(VOUT+ 3V):5 V1N:5 33V 
- 
00001 
0.015 
- 
00001 
0.04 
%/V 


llV1N 
(Note 1) 


llVOUT 
Load Regulation 
IL =OmA 
to 8mA 
- 
0.0005 
0.015 
- 
- 
- 
%/mA 


lllOUT 
(Note 1) 
IL =OmA 
to 4mA 
- 
- 
- 
- 
0.001 
0.04 
%/mA 


10 
Quiescent 
Supply 
No Load 
- 
0.65 
1.6 
- 
0.65 
2.0 
mA 
Current 


lOUT 
Load Current 
8 
20 
- 
8 
20 
- 
mA 


Sink Current 
-0.2 
20 
- 
-02 
20 
- 
mA 


Isc 
Short Circuit 
Vo=O 
- 
25 
- 
- 
25 
- 
mA 
Current 


VT 
Temperature 
Voltage 
(Note 2) 
REF-02 Only 
- 
620 
- 
- 
620 
- 
mV 
Output 
• 


VIN= +15V, 
-55°C:sTA:S 
±125°C 
for REF-01A/02A 
and REF-01/REF-02, 
O°C:sTA:S + 70°C for REF-01E/02E 
and 
REF-01H/02H, 
IL=OmA unless otherwise 
noted 


REF-01A/E 
REF-01/H 
SYMBOL 
PARAMETER 
CONOITIONS 
REF-02A/E 
REF-02lH 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


llV 
Output 
Voltage Change with 
O°C:5TA:5 
+ 70°C 
• 
- 
0.02 
0.06 
- 
0035 
0.17 
% 
~ 
Temperature 
-55°C:5TA:5 
+125°C 
• 
- 
009 
0.15 
- 
0.144 
0.45 
% 


(Notes 
3 and 4) 


TC 
Output Voltage Temperature 
(Note 5) 
• 
- 
5 
8.5 
- 
8 
25 
ppm/oC 
Coefficient 


Change 
in Vo Temperature 
Rp= 
10kfl 
• 
- 
0.5 
- 
- 
05 
- 
ppm/% 


Coefficient 
with 
Output 
Adjustment 


llVOUT 
Line Regulation 
O°C:5TA:5 
+ 70°C 
• 
- 
0.0001 
0.012 
- 
0.0001 
0.012 
%/V 
LW;;; 
(V1N = 8V to 33V) (Note 1) 
-55°C:5TA:5 
+125°C 
• 
- 
0.0001 
0.015 
- 
00001 
0.015 
%/V 


llVOUT 
Load Regulation 
O°C:5TA:5 
+ 70°C 
• 
- 
0002 
0.010 
- 
0.002 
0012 
%/mA 


llioUT 
(I L = OmA to 8mA) (Note 1) 
- 
55°C:5 
TA:5 + 125°C 
• 
- 
0.002 
0.012 
- 
0.002 
0015 
%/mA 


Temperature 
Voltage Output 
(Note 2) REF-02 
• 
- 
2.1 
- 
- 
2.1 
- 
mV/oC 
Temperature 
Coefficient 


The. 
denotes 
the specifications 
which 
apply 
over the full operating 


temperature 
range. 


REF-01C 
REF-02o 
SYMBOL 
PARAMETER 
CONDITIONS 
REF-02C 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tJ.V 
Output Voltage Change with 
(Notes 3 and 4) 
• 
- 
0.45 
- 
1.7 
% 


L1T 
Temperature 


TC 
Output Voltage Temperature 
(Note 5) 
• 
- 
8 
65 
- 
8 
250 
ppmJOC 
Coefficient 


Change in Va Temperature 
Rp= 10kl1 
• 
- 
0.5 
- 
- 
0.5 
- 
ppm/% 
Coefficient with Output 
Adjustment 


tJ.VOUT 
line Regulation 
V1N = 8V to 30V 
• 
- 
0.0001 
0.018 
- 
0.0001 
0.05 
%/V 


tJ.V1N 
(Note 1) 


tJ.VOUT 
Load Regulation 
IL =OmA to 5mA 
• 
- 
0.002 
0.018 
- 
0.002 
0.05 
%/mA 


tJ.IOUT 
(Note 1) 


Temperature Voltage Output 
(Note 2) REF-02 
• 
- 
2.1 
- 
- 
2.1 
- 
mV/oC 


Temperature Coefficient 


Note 1: Line and load regulation specifications include the effect of self 
heating. 


Note 2: limit current in or out of pin 3 fo 50nA and capacitance on pin 3 
to 30pF. 


Note 3: tJ.V is defined as the absolute difference between the maximum 
output voltage and the minimum output voltage over the specified 
temperature range expressed as a percentage of nominal output. 


J.v = I VMAX- 
VM1N I x 100 
VOUT 


Note 4: tJ.Vspecification applies trimmed or untrimmed. 


Note 5: TC is defined as tJ.Vdivided by the temperature range, i.e., 


TC=~ 
TMAX- 
T MIN 


Note 6: 0.1Hz to 10Hz noise cannot be 100% tested on modern high 
speed test equipment, so linear Technology does not put a guaranteed 
maximum specification on this parameter for standard units. 100% 
bench testing of 0.1 Hz to 10Hz noise is available on special request. To 
ensure low output noise, linear Technology does 100% test 10Hz to 
1kHz noise. Consult factory for details. 


H Package 
Metal Can 
J8 Package 
8 Lead Hermetic DIP 
N8 Package 
8 Lead Plastic 


0165-0185 


~) 


SECTion 4-VOLTAGE 
REGULATORS 


INDEX 


SELECTION GUIOE . 


PROPRIETARY 
PRODUCTS 


LTl003, 5 Volt,5Amp VoltageRegulator 
. 


LTl005, Logic Controlled Regulator 
. 


LTI 020, Micropower Regulator and Comparator. 


LTI 020CS, Micropower Regulator and Comparator 


LTl033,3ANegativeAdjustableRegulator. 
. 
. 


LTl035, Logic Controlled Regulator 
. 


LTl036, Logic Controlled Regulator. 


LTl 038, 10Amp PositiveAdjustable VoltageRegulator. 


LTl083, 7.5A Law Dropout PositiveAdjustable Regulator. 


LTl083-5, 7.5A Law Dropout Posilive Fixed5VReguiator 
. 


LTl083-12, 
7.5A Low Dropout Positive Fixed 12VRegulator. 


LTI 084, 5A Law Dropout PositiveAdjustable Regulator. 


LTl084-5, 5A Low Dropout Positive Fixed 5V Regulator 


LTI 084-12, 5A Low Dropout Positive Fixed 12VRegulator. 


LTI 085, 3A Low Dropout PositiveAdjustable Regulator. 


LTl085-5,3ALowDropoutPosiliveFixed5VRegulator 
. 


LTI 085-12, 3A Low Dropout Positive Fixed 12VRegulator. 


LTl086, 
1.5A Low Dropout PositiveAdjustable Regulator 


LTl086-5, 
1.5A Low Dropout Positive Fixed 5 VRegulator. 


LTl086-12, 
1.5A Low Dropout Positive Fixed 12VReguiator 
. 


LTI 087 Adjustable Low Dropout Regulator with Kelvin-Sense Inputs. 


LT1120, Micropower Regulator with Comparator and Shutdown 
. 


ENHANCED 
AND SECOND SOURCE PRODUCTS 


LM 117 ILM317, 
Positive Adjustable 
Regulator. 
. 
. 


LT117AILT317A,lmprovedLM117. 
. 
. 


LM 117HV ILM317HV, 
High Voltage 
Positive Adjustable 
Regulator 


LTI17AHVILT317AHV, 
Improved LMI17HV. 


LM123/LM323, 
5 Volt, 
3 Amp Regulator. 


LTI23A1LT323A, Improved LM123. 


LM 137 ILM337, 
Negative Adjustable 
Regulator 


LTl37AILT337A,lmprovedLMI37. 
. 
. 


LM 137HV ILM337HV, 
High Voltage 
Negative Adjustable 
Regulator 
. 


LTI37AHVILT337AHV,lmprovedLMI37HV. 
. 
. 


LM 138/LM338, 
5 Amp Positive Adjustable 
Regulator 
. 


LT138AILT338A, ImprovedLMl38. 
. 
. 


LM150/LM350, 
3 Amp Positive Adjustable 
Regulator 


LTl50AILT350A, 
ImprovedLMI50 
. 


4-9 


4-17 


4-29 


4-45 


4-49 


4-57 


4-69 


4-77 


4-89 


4-101 


4-101 


4-89 


4-101 


4-101 


4-89 


4-101 


4-101 


4-113 


4-113 


4-113 


13-28 


4-125 


4-137 


4-137 


4-145 


4-145 


4-149 


4-149 


4-157 


4-157 


4-165 


4-165 


4-169 


4-169 


4-177 


4-177 


LTUD~ 
RE_G_U_LA_T_O_R_SE_L_EC_T_'O_N_G_U_'D_E 


10 
POSITIVE 
Va 


OUTPUT 
OR 
VIN 
NOMINAL 
REGULATED 
CURRENT 
NEGATIVE 
PACKAGE 
MAX 
OUTPUT VOLTAGE 


(AMPS)" 
OUTPUT" 
PART NUMBER 
TYPE 
M 
M 
FEATUREs/COMMENTS 


10.0 
Pas. Adi. 
LT1038MK 
Steel TO·3 
35 
1.2 to 33 
O.B% Your Tol., Pluo In Compatible 
with 117, 150, 138. 


7.5 
Pas. Fixed 
LT10B3MK·5 
Steel TO·3 
35 
5 
Low Dropout (1.2V), 1% Your Tal. 


LT1083MK·12 
Steel TO-3 
35 
12 
Low Dropout i1.2V), 1% Your Tol. 


Pos_Adi. 
LT1083MK 
Steel TO-3 
35 
1.2 to 34 
Low Dropout (1.2VI, 1% VREFTol. Pin Compatible 
with 117, 150, 138 Types 


5_0 
Pos_ Fixed 
LTl084MK-5 
Steel TO-3 
35 
5 
Low Dropout (1.2V), 1% Your Tal. 


LTl084MK-12 
Steel TO-3 
35 
12 
Low Dropout (1_2V),1% Your Tal. 


LT1oo3MK 
Steel TO-3 
20 
5 
2% Your Tol. 


Pas. Adj_ 
LTl38AK 
LMI38K 
Steel TO-3 
35 
1.2 to 33 
LT13BA Has 1% VREFTol. 


LTl084MK 
Steel TO-3 
35 
1.2 to 34 
Low Drooout 11.2VI, 1% VREFTol. Pin Comoatible 
with 117, 150 13BTvoes 


Switching 
LTl070MK 
Steel TO-3 
40 
· 
Self Contained 
PWM and 5 Amp Switch in a 5-Pin Package 


LTl070HVMK 
Steel TO-3 
60 
· 
3.0 
Pos_ Fixed 
LTl085MK-5 
Steel TO-3 
35 
5 
Low Dropout (1_2V),1% Your Tol. 


LT1085MK-12 
Steel TO-3 
35 
12 
Low Dropout (1.2V), 1% Your Tol. 


LTl23AK 
LM123K 
Steel TO-3 
20 
5 
LT123A Has 1% Your Tol. 


Pos. Adj_ 
LT150AK 
LM150K 
Steel TO-3 
35 
1.2 to 33 
LT150A Has 1% VREFTol. 


LTl085MK 
Steel TO-3 
35 
1.2 to 34 
Low Dropout 11.2VI, 1% VREFTol. Pin Compatible 
with 117, 150 Tvpes 


Neo_ Adi. 
LTl033MK 
Steel TO-3 
40 
-1.2to-37 
2% VREFTol. 


Dual Pos. Fixed 
LTl035MK 
Steel TO-3 
20 
Two 5V Outputs 
Looic Controlled 
Main Output Voltaoe, 75mA 


Positive 
LTl036MK 
Steel TO-3 
30 
12,5 
Looic Controlled 
12V, 3A Out out, 5V, 75mA Auxiliarv 
Outout 


2.5 
Switching 
LTl071MK 
Steel TO-3 
40 
· 
Self Contained 
PWM and 2.5 Amp Switch in a 5-Pin Package 


LTl071HVMK 
Steel TO-3 
60 
· 
1.5 
Pos. Fixed 
LTl086MK-5 
Steel TO-3 
35 
5 
Low Dropout (1.2VI, 1% Your Tol. 


LTl086MK-12 
Steel TO-3 
35 
12 
Low Drooout (1.2V), 1% Your Tal. 


Pos_Adj_ 
LTl086MK 
Steel TO-3 
35 
1.2 to 34 
Low Dropout (1.2V), 1% VREFTal. Pin Compatible 
with 117Types_ 


0_5to 1.5 
Pos_Adj_ 
LTl17AK 
LMI17K 
Steel TO-3 
40 
1.2t037 
LTl17A Has 1% VREFTal. 


LTl17AH 
LM117H 
TO-39 
40 


Neg. Adj. 
LT137AK 
LM137K 
Steel TO-3 
40 
-1.2to-37 
LT137A Has 1% VREFTol. 


LT137AH 
LM137H 
TO-39 
40 


Pos_Adj. 
LTl17AHVK 
LM117HVK 
Steel TO-3 
60 
1.2t057 
LT117AHV Has 1% VREFTol. 


Hioh Voltaoe 
LTl17AHVH 
LM117HVH 
TO-39 
60 


Neg. Adj. 
LT137AHVK 
LM137HVK 
Steel TO-3 
50 
-1.2to-47 
LT137AHV Has 1% VREFTol. 


Hioh Voltaoe 
LT137AHVH 
LM137HVH 
TO-39 
50 


1.25 
Switching 
LT1072MK 
SteelT0-3 
40 
Self Contained 
40kHz PWM and 1.25 Amp Switch in a 5·Pin Package 


LT1072HVMK 
SteelT0-3 
60 
· 
LTl172MK 
SteelTO-3 
40 
· 
Self Contained 
100kHz PWM and 1.25 Amp Switch in as·Pin Package 


LTl172HVMK 
Steel TO-3 
60 
· 


1.0 
Dual Pos_ Fixed 
LTlooSMK 
Steel TO-3 
20 
Two SV Outputs 
Looic Controlled 
1 Amp Main Output Voltaoe, 3SmA Auxiliary 
Output 


12SmA 
Positive 
LT1020MJ 
14 Pin CERDIP 
36 
4 t030 
Dropout Voltaoe = O.SV,40.A la, Reference and Comoarator 


40mA to 
Switched 
LT1026MJB 
CERDIP 
10 
.. 
Voltage Converter, 10mA Output 


loomA 
Capacitor 
LT1026MH 
TO-SCan 
10 
.. 


LTC1044MJB 
CERDIP 
9.5 
.. 
Voltage Converter, 40mA Output, 5kHz Switching 
Rate 


LTC1044MH 
TO-SCan 
9_5 
.. 


LTlO54MJ 
CERDIP 
16 
tt 
Voltage Converter and Regulator, lOOmA Output, 25kHz Switching 
Rate 


LTlO54MH 
TO-5Can 
16 
tt 


" The 10values for the LTl070, LTl071 , LT1072, and LT1172are switch current values_ Actual output current, voltage and polarity depends on the type of switching 
regulator employed. 
"" These devices are non-regulating 
converters_ 


tt The available output voltage range is dependent upon the mode of operation selected. 


• 


10 
POSITIVE 
Vo 
OUTPUT 
OR 
VIN 
NOMINAL REGULATED 
CURRENT 
NEGATIVE 
PACKAGE 
MAX 
OUTPUT VOLTAGE 
(AMPS)- 
OUTPUT- 
PART NUMBER 
TYPE 
(V) 
(V) 
FEATUREs/COMMENTS 


10.0 
Pos. Adj. 
LT1038CK 
SteelT0·3 
35 
1.2to33 
2% VOtlT Tol., Plug In Compatible 
with 317, 350, 338. 


7.5 
Pos. Fixed 
LT1083CK·5 
Steel T0-3 
35 
5 
Low Dropout (1.2V), 1% Vour Tol. 


LT1083Cp·5 
Plastic TO-3P 
35 
5 
Low Dropout (1.2V), 1% VourTol. 


LT1083CK-12 
SteelTO-3 
35 
12 
Low Dropout (1.2V), 1'/, VOtlT Tol. 


LT1083CP-12 
Plastic T0-3P 
35 
12 
Low Dropout (1.2>1, 1% Your Tol. 


Pos. Adj. 
LT1083CK 
Steel TO-3 
30 
1.2 to 29 
Low Dropout (1.2V) Pin Compatible 
with 317, 350, 338 Types 


LT1083CP 
Plastic TO-3P 
30 
1.2 to 29 


5_0 
Pos. Fixed 
LT1003CK 
SteelTO-3 
20 
5 
2% VOtlTTol. 


LT1084CK-5 
Steel T0-3 
35 
5 
Low Dropoul(1.2V), 
1% VOtlT Tol. 


LT1084CP-5 
Plastic T0-3P 
35 
5 
Low Dropout (1.2V), 1% Vour Tol. 


LT1084CK-12 
Steel TO-3 
35 
12 
Low Dropout (1.2V), 1'/, Vour Tol. 


LT1084CP-12 
Plastic TO-3P 
35 
12 
Low Dropout (1.2>1, 1% VOtlT Tol. 


Pos. Adj. 
LT338AK 
LM338K 
SteelT0-3 
35 
1.2 to 33 
LT338A Has 1% VREFTol. 


LT1084CK 
Steel TO-3 
30 
1.2 to 29 
Low Dropout (1.2V) Pin Compatible 
with 317, 350, 338 Types 


LT1084CP 
Plastic TO-3P 
30 
1.2 to 29 
Low Dropout (1.2>1 Pin Compatible 
with 317, 350, 338 Types 


Switching 
LT1070CK 
Steel TO-3 
40 
- 
Self Contained 
PWM and 5 Amp Switch in a 5-Pin Package. 


LT1070CT 
TO-220 
40 
· 
LTl070HVCK 
Steel TO-3 
60 
· 
LT1070HVCT 
TO-220 
60 
· 
3.0 
Pos_ Fixed 
LT323AK 
LM323K 
Steel TO-3 
20 
5 
LT323A Has 1'/, VOtlT Tol. 


LT323AT 
TO-220 
20 
LT1085CK-5 
SteelT0-3 
35 
5 
Low Dropout (1.2V), 1% VotlTTol. 


LT1085CT-5 
TO-220 
35 
5 
Low Dropout (1_2V),1% VOtlT Tol. 


LT1085CK-12 
SteelT0-3 
35 
12 
Low Dropout (1.2V), 1% VourTol. 


LT1085CT-12 
TO-220 
35 
12 
Low Dropout (1.2>1: 1% VOtlT Tol_ 


Pos_Adj_ 
LT350AK 
LM350K 
SteelT0-3 
35 
1.2 to 33 
LT350A Has 1% VREFTol. 


LT350AT 
LM350T 
TO-220 
35 
1.2to33 
LT1085CK 
SteelT0-3 
30 
1.2to29 
Low Dropout (1.2V) Pin Compatible 
with 317, 350 Types 
LT1085CT 
Plastic T0-220 
30 
1.2to29 


Neg.Adj_ 
LT1033CK 
Steel TO-3 
40 
-1.2to 
-37 
2% VREFTol. 


LT1033CT 
TO-220 
40 


Dual Pos. Fixed LT1035CK 
SteelT0-3 
20 
Two 5V Outputs 
Logic Controlled 
Main Output Voltage, 75mA Auxiliary 
Output 
LT1035CT 
TO-220 
20 


Positive 
LT1038CK 
SteelT0-3 
30 
12,5 
Logic Controlled 
12V, 3A Output, 5V, 75mA Auxiliary 
Output 
LT1038CT 
TO-220 
30 
12,5 


2.5 
Switching 
LT1071CK 
SteelT0-3 
40 
· 
Self Contained 
PWM and 2.5 Amp Switch in a 5-Pin Package 
LT1071CT 
TO-220 
40 
· 
LT1071 HVCK 
SteelTO-3 
60 
· 
LT1071 HVCT 
TO-220 
60 


Pos. Fixed 
LT1086CK-5 
SteelT0-3 
35 
5 
Low Dropout (1.2V), 1% Your Tol. 


LT1086CT-5 
T0-220 
35 
5 
Low Dropout (1.2V), 1% VOtlT Tol. 


LT1086CK-12 
SteelT0-3 
35 
12 
Low Dropoul(I.2V), 
1% VourTol. 


LT1086CT-12 
T0-220 
35 
12 
Low Dropout (1.2V), 1% Vour Tol. 


0.5to 1.5 
Pos.Adj_ 
LT317AK 
LM317K 
SteelT0-3 
40 
1.2 to 37 
LT317A Has 1% VREFTol. 


LT317AH 
LM317H 
TO-39 
40 
LT317AT 
LM317T 
TO-220 
40 


LT1086CK 
Steel TO-3 
35 
1.2to34 
Low Dropout (1.2V), 1% VREFTol. 


LT1086CT 
TO-220 
35 
1.2 to 34 
Pin Compatible 
with 317 Types 


Neg.Adj. 
LT337AK 
LM337K 
SteelT0-3 
40 
-1.2to 
-37 
LT337AHas 
1% VREFTol. 


LT337AH 
LM337H 
T0-39 
40 
LT337AT 
LM337H 
T0-220 
40 


Pos_Adj_ 
LT317AHVK 
LM317HVK 
SteelT0-3 
60 
1.2t057 
LT317HV Has 1% VREFTol. 


High Voltage 
LT317AHVH 
LM317HVH 
TO-39 
60 


Neg_Adj_ 
LT337AHVK 
LM337HVK 
SteelT0-3 
50 
-1.2to 
-47 
LT337HV Has 1'/, VREFTol. 


Hioh Voltaae 
LT337AHVH 
LM337HVH 
TO-39 
50 


10 
POSITIVE 
Va 
OUTPUT 
OR 
V,. 
NOMINAL REGULATED 
CURRENT 
NEGATIVE 
PACKAGE 
MAX 
OUTPUT VOLTAGE 
(AMPS)· 
OUTPUT· 
PART NUMBER 
TYPE 
M 
M 
FEATURES/COMMENTS 


1.25 
Switching 
LT1072CK 
Steel TO·3 
40 
Self Contained 40kHz PWM and 1.25Amp Switch in a 5·Pin Package 


LT1072CT 
Plastic TO·220 
40 


LT1072HVCK 
SteelT0·3 
60 
· 


LT1072HVCT 
Plastic TO·220 
60 
· 


LT1072CN8 
8Pin DIP 
40 
· 


LTl172CK 
Steel TQ.3 
40 
· 
Self Contained 100kHz PWM and 1.25 Amp Switch in a SoPinPackage 
LTl172CT 
Plastic TO·220 
40 
· 
LTl172HVCK 
Stee1TQ.3 
60 
LTl172HVCT 
Plastic TQ.220 
60 
· 


LTl172CNB 
Plastic 8 Pin DIP 
40 
· 


1.0 
Dual Pos. Fixed LT1oo5CK 
Steel TO·3 
20 
Two 5V Outputs 
Logic Controlled Main Output Voltage 


LT1oo5CT 
TO·220 
20 


125mA 
Positive 
LT1020CJ 
14 Pin CERDIP 
36 
4to30 
Dropout Voltage = 0.5V, 40~ 
la, Reference and Comparator 


LT1020CN 
14 Pin Plastic 
36 
4to30 


LT1020CS 
8 Pin Plastic SOL 
36 
4to30 
LT112OCJ8 
8PinCEADIP 
36 
4to30 
Dropout Voltage = 0.2V,40A la, Aeference, Comparator, Shutdown, 8 Pin Package 
LT112OCN8 
8 Pin Plastic DIP 
36 
4to30 
LTl120CH 
8PinTO·5 
36 
4to30 


4OmAto 
Switched 
LTlO26CJ8 
CEADIP 
10 
.. 
Voltage Converter, 10mA Output 


loomA 
Capacitor 
LT1026CN8 
Plastic DIP 
10 
.. 


LTlO26CH 
TO·5Can 
10 
.. 


LTC1044CJB 
CEADIP 
9.5 
.. 
Voltage Converter, 40mA Output, 5kHz Switching 
Aate 


LTC1044CNB 
Plastic DIP 
9.5 
.. 


LTC1044CH 
TO·5Can 
9.5 
.. 


LTC1044CSB 
Plastic SO 
9.5 
.. 


LTl054CJ8 
CEADIP 
16 
tt 
Voltage Converter and Aegulator, 100mA Output, 25kHz Switching 
Aate 
LTl054CN8 
Plastic DIP 
16 
tt 
LTl054CH 
TQ.5Can 
16 
tt 
LTl054CS8 
Plastic SOL 
16 
tt 


• The 10values for the LTl070, LTl071 , LT1072, and LTll72 are switch current values. Actual output current, voltage and polarity depends on the type of switching 
regulator employed . 


•• These devices are non·regulating 
converters. 
tt The available output voltage range is dependent upon the mode of operation selected. 


MILITARY 
COMMERCIAL 
FEATURES 


SWITCHING REGULATORS I 
LT1070MK 
LT1070CK 
Current Mode 40kHz PWM with Self·Protected 
5 Amp Switch on 


LTl070HVMK 
LT1070HVCK 
the Same Chip, Capable of Operation 
in Flyback, Boost, Buck· 
Boost, and 'CUK Converters. 


LTl071MK 
LTl071CK 
Current Mode 40kHz PWM with Self·Protected 
2.5 Amp Switch on 
LTl071HVMK 
LTl071HVCK 
the Same Chip, Capable of Operation 
in Flyback, Boost, Buck· 


~ 
0 


Boost, and 'CUK Converters. 


00 
LTlO72MK 
LT1072CK 
Current Mode 40kHz PWM with Self· Protected 
1.25 Amp Switch on 
00 
LTlO72HVMK 
LTlO72HVCK 
the Same Chip, Capable of Operation 
in Flyback, Boost, Buck· 


Boost, and 'CUK Converters. 


LTl172MK 
LTl172CK 
Current Mode 100kHz PWM with Self· Protected 
1.25 Amp Switch 


LTl172HVMK 
LTl172HVCK 
on the Same Chip, Capable of Operation 
in Boost, Buck·Boost, 
and 
CUK Converters. 


LT1070CT 
Current Mode 40kHz PWM with Self· Protected 5 Amp Switch on 
LTl070HVCT 
the Same Chip, Capable of Operation 
in Flyback, Boost, Buck· 
Boost, and 'CUK Converters. 


LTl071CT 
Current Mode 40kHz PWM with Self·Protected 
2.5 Amp Switch on 


LTl071 HVCT 
the Same Chip, Capable of Operation 
in Flyback, Boost, Buck· 


~ 
ITB 


Boost, and 'CUK Converters. 


LT1072CT 
Current Mode 40kHz PWM with Self· Protected 
1.25 Amp Switch on 


LTlO72HVCT 
the Same Chip, Capable of Operation 
in Flyback, Boost, Buck· 


Boost, and 'CUK Converters. 


LTl172CT 
Current Mode 100kHz PWM with Self· Protected 
1.25 Amp Switch 
LTl172HVCT 
on the Same Chip, Capable at Operation 
in Boost, Buck·Boost, 
and 
CUK Converters. 


MILITARY 
COMMERCIAL 
FEATURES 


SWITCHING 
REGULATORS I 
mon 
Current Mode 40kHz PWM with Self·Protected 
1.25 Amp Switch on 
0 


the Same Chip, Capable of Operation 
in Boost, Buck·Boost, 
and 
mr 


CUK Converters 
in an 8·pin miniDIP package. 


LTl172CN8 
Current Mode 100kHz PWM with Self· Protected 
1.25 Amp Switch 


on the Same Chip, Capable of Operation 
in Boost, Buck-Boost, 
and 
CUK Converters 
in an 8-oin miniDiP oackaae. 


SWITCHED CAPACITOR CONVERTER/REGULATORS I 
LT1026MH 
LT1026CH 
10mAOutput 


LT1044MH 
LTC1044CH 
40mA Output, 5kHz Switching 
Rate 
Q 
~ 


LT1054MH 
LTl054CH 
loomA, 25kHz Switching 
Rate, Voltage Reguiated Output 


00000 


LT1026MJ 
LTlO26CJ8 
10mAOutput 


mr 0 


LTlO26CN8 


LTC1044MJ 
LTC1044CJ8 
40mA Output, 5kHz Switching 
Rate 


LTC1044CN8 


LT1054MJ 
LT1054CJ8 
100mA Output, 25kHz Switchina 
Rate 


POSITIVE FIXED I 
LTl083MK·5 
LTl083CK·5 
5V, 7.5A Low Dropout 
LT1083MK·12 
LT1083CK·12 
12V, 7.5A Low Dropout 
LT1084MK·5 
LTl084CK·5 
5V, 5A Low Dropout 
LT1084MK·12 
LT1084CK·12 
12V, 5A Low Dropout 


=9= 0 


LTl085MK·5 
LTl085CK·5 
5V, 3A Low Dropout 
LTl085MK·12 
LTl085CK·12 
12V, 3A Low Dropout 


0 
LTl086MK·5 
LTl086CK·5 
5V, 1.5A Low Dropout 
LTl086MK·12 
LTl086CK·12 
12V, 1.5A Low Dropout 
LT1003MK 
LTlOO3CK 
5V±2%,5Amp 
LT123AK 
LT323AK 
5V±1%,3Amp 


LM123K 
LT323K 
5V±3%,3Amo 


LT1oo5MK 
LTlOO5CK 
Duai Output Regulator with 5V 1 Amp Logic Switchable 
Output 
and Auxiliary 
5V 


35mAOutput 


~ 
0 


LT1035MK 
LTl035CK 
Dual Output Regulator with 5V 3 Amp Logic Switchable 
Output 


00 
and Auxiliary 
5 


00 
75mA Output 


LT1036MK 
LTlO36CK 
Dual Output Reguiator with 12V 3 Amp Logic Switchable 
Output 


and Auxiliary 
5V 
75mAOutout 


LT1005CT 
Dual Output Regulator with 5V 1 Amp Logic Switch able Output 
and Auxiliary 
5V 
35mA Output 


~ 
~ 


LT1035CT 
Dual Output Regulator with 5V 3 Amp Logic Switchable 
Output 


and Auxiliary 
5V 


75mAOutput 


LT1036CT 
Dual Output Regulator with 12V 3 Amp Logic Switchable 
Output 
and Auxiliary 
5V 


75mAOutout 


LTl083Cp·5 
5V, 7.5A Low Dropout 


G=:5 


LTl083Cp·12 
12V, 7.5A Low Dropout 


t::i:L:::J 
LTl084CP·5 
5V, 5A Low Dropout 
LTl084Cp·12 
12V,5A Low Dropout 
LTlOO3CP 
5V±2%,5Amp 
LT323AP 
5V±1%,3Amp 


LM323P 
5V±3%,3Amp 


LT1085CT·5 
5V, 3A Low Dropout 
c=D- 
~ 


LTl085CT·12 
12V, 3A Low Dropout 
LT1086CT·5 
5V, 1.5A Low Dropout 
LTl086CT·12 
12V, 1.5A Low Dropout 
LT323AT 
5V±1%,3Amo 


MILITARY 
COMMERCIAL 
FEATURES 


POSITIVEADJUSTABLESI 
LTl038MK 
LT1038CK 
10Amp 


LTl083MK 
LTl083CK 
7.5 Amp Low Dropout 
LTl084MK 
LT1084CK 
5 Amp Low Dropout 


LTl38AK 
LT338AK 
5 Amp 1% Reference 
0 


LMl38K 
LM338K 
5Amp 
=¥= 
LTl085MK 
LT1085CK 
3 Amp Low Dropout 


0 
LTl50AK 
LT350AK 
3 Amp 1% Reference 
LMl50K 
LM350K 
3Amp 


LT1086MK 
LT1086CK 
1.5 Amp Low Dropout 


LMl17AK 
LT317AK 
1.5 Amp 1% Reference 


LM117K 
LM317K 
1.5 Amp 


LT117AHVK 
LT317AHVK 
1.5Amp 1% Reference, Hi Voltage 


LM117AHVK 
LM317AHVK 
1.5 Amp, Hi Voltage 
J;;l 0 


LT117AH 
LT317AH 
0.5 Amp 1% Reference 


LM117H 
LM317H 
0.5Amp 


LM117AHVH 
LT317AHVH 
0.5Amp 
1% Reference, Hi Voltage 


000 
LM117HVH 
LM317HVH 
0.5 Amp, Hi Voltage 


@ 


LT1120CH 
Micropower, 
Ultra Low Dropout Regulator with 2.5V Independent 
Q 


LT1120CS 
Reference and Comparator, 
and Output Shutdown 
in 8 Pin 


00000 
Package 


LT1083CP 
7.5 Amp Low Dropout 


~ 


LTl084CP 
5 Amp Low Dropout 


titil=::J 
LT338AP 
5 Amp 1% Reference 


LM338P 
5Amp 


LT350AP 
3 Amp 1% Reference 


LM350P 
3Amp 


~ 
0 


LTl020MJ 
LTl020CJ 
Very Low Dropout Voltage, 40~A Supply Current, 2.5V Independent 


LTl020CN 
Reference, and Voltage Comparator 
on Same Chip. 


WW 0 


LT112OCJ8 
Micropower, 
Ultra Low Dropout Regulator with 2.5V Independent 


LTl12OCN8 
Reference and Comparator, 
and Output Shutdown 
in 8 Pin 


Package 


LTl085CT 
3 Amp Low Dropout 
LT350AT 
3 Amp 1% Reference 
c:CJ- 


~ 


LM350T 
3Amp 


LT1088CT 
1.5 Amp Low Dropout 


LT317AT 
1.5 Amp 1% Reference 


LM317T 
1.5Amp 


NEGATIVE ADJUSTABLES I 
LT137AK 
LT337K 
1.5 Amp 1% Reference 


=¥= 0 


LM137K 
LM337K 
1.5 Amp 
LT137AHVK 
LT337AHVK 
1.5 Amp 1% Reference, Hi Voltage 


0 
LM137HVK 
LT337HVK 
1.5 Amp, Hi Voltage 


LT1033MK 
LT1033CK 
3 Amp 2% Reference 
J;& 


LTl37AH 
LT337AH 
0.5 Amp 1% Reference 
0 


LM137H 
LM337H 
0.5 Amp 


LT137AHVH 
LT337AHVH 
0.5 Amp 1% Reference, Hi Voltage 
000 
LM137HVH 
LM337HVH 
0.5 Amp, Hi Voltage 


~ 


LTlO33CP 
3 Amp 2% Reference 


\h1 


~ 


LT337AT 
1.5 Amp 1% Reference 
c:CJ- 
LM337T 
1.5 Amp 


LT1033CT 
3 Amp 2% Reference 


• 
Guaranteed 2% Initial Tolerance of output voltage 
• 5 Amp Output Current 
• 40 Watt Capability 
• 
Full Internal Overload Protection 
• 
100% Burn-in in Thermal Limit 


• 
Local 5V Regulators 
• On Card Regulation 
• 
Lab Supplies 
• 
Instrumentation Supplies 


LT1003 
5 Volt, 5 Amp 
Voltage Regulator 


DESCRIPTiOn 


The LT1003 is a 5 amp version of the popular LM123 
5V regulator. In addition to higher output current, it of- 
fers improved line regulation and an initial output volt- 
agetolerance of ± 2%. These tightened specifications 
ease design and application problems several ways: 
safety margin is improved, error bUdgets on other 
parts of the system are expanded, and output voltage 
loss due to long supply runs can be better tolerated. 


The LT1003 incorporates Linear Technology's ad- 
vanced design, process and test techniques for im- 
proved quality 
and reliability 
over similar device 
types. Specifically, all devices are burned in by short- 
ing the outputs, thereby forcing the regulator into its 
current limit and eventually, thermal limit mode. This 
.,. 
ensures that 
all 
device 
protection 
features 
are 
•• 
working. 


lT1003 
5V ± 2% 


VIN 
@5A 
VIII 
OUT 


2.01'F 
+ 
GNO 
+ 
1Ol'F 
SoUO 
SOLID 
TANTALUMJ 
ITANTALUM 


"::" 


50 


40 


~ 
30 


w 
20 
~ 
~ 
10 


'-'lli 
0 
;5 
<5 -10 
>5 -20 
:=6 -30 


---- 
-- 
- 
I--'- 
r--..... --- "- 
---- 


• The LT1003 has load compensation 
to cancel the effects 
of voltage 
loss in the output lead. This results in a nominal "zero" 
load regulation. 


The shaded band shows typical production 
spread. 


LT1003 


ABSOLUTE mAXimum 
RATinGS 


Input Voltage. . . . . . . . . . . . . . . . . . . . . . .. 
20 Volts 
Power Dissipation 
Internally Limited 
Operating Junction Temperature Range 
LT1003M 
-55°C 
to 150°C 
LT1003C 
O°Cto 125°C 
Storage Temperature Range 
LT1003M 
-65°C 
to 150°C 
LT1003C 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


PACKAGE/ORDER InFORmATiOn 


BOTTOMVIEW 


INPUTOOUTPUT 
. . 
1 
2 


CAS!' 


o 
~ROUND 


K PACKAGE 


TO·3 
METAL 
CAN 


(STEEL) 


ORDER PART NO. 


LT1003CK 


LT1003MK 


ELECTRICALCHARACTERISTICS(See note 1) 


LTlOO3M 
LTlOO3C 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
UNITS 


VOUT 
Output 
Voltage 
TJ 
- 
25°C. 
V,. 
- 
7.5V, lOUT- 
0 
4.9 
5.0 
5.1 
4.9 
5.0 
5.1 
V 


7.5V 
•• V,••• 
15V 
o •• lOUT•• SA. P •• 30W 
• 
4.8 
5.2 
4.8 
5.2 
V 
~ 
Line Regulation 
TS 


= 25°C. 
7.5V 
•• V,••• 
15V 
5 
15 
5 
15 
mV 


aV,• 
( ee Note 1) 


aVOUT 
Load Regulation 
T) = 25°C. 
V,. = 7.5V 


alnllT 
o •• lOUT" 
SA (See Note 1) 
25 
100 
25 
100 
mV 


Thermal 
Regulation 
T1 
- 
25°C, 
20 msec pulse 
0.005 
0.02 
0.005 
0.02 
Ofo/W 


10 
QUiescent 
Current 
7.5V •• V,••• 
15V. 0 •• lOUT" 
SA • 
12 
20 
12 
20 
mA 


en 
Output 
Noise Voltage 
T 
- 
25°C, 
10Hz •• 1 •• 100kHz 
40 
40 
JJVrms 


Isc 
Short 
Circuit 
T) - 
25°C, 
Current 
Limit 
V,. = 15V 
5 
8 
5 
8 
A 
V,. = 7.5V 
7 
9 
7 
9 
A 


Long Term Stability 
01 Output 
Voltage 
35 
35 
mV 


OJC 
Thermal 
Resistance 
Junction 
to 
Case 
K Package 
1 
1.5 
1 
1.5 
°C/W 


The. 
denotes the specifications 
which apply over the full operating 
temperature 
range. 


Naill: 
Load and line regulation 
are tested with pulsed low duty 
cycle techniques 
where pulse width,;;; 
1msec and duty cycle,;;; 
5%. 


Noll 2: Tmin = -55°C 
for the LT1003MK and O°C for LT1003CK. 


T max = 150°C for LT1003MK and 125°C for LT1003CK. 


Minimum Input-Output 
Voltage Differential 


2.6 
5.15 


~ 
2.4 
5.10 


w 
~ 
~ 
2.2 
~ 5.05 


§? 
2.0 
.. 
>:; 
!; 
<;; 
5.00 
~ 1.8 


~ 
:=> 
4.95 
0 
,e. 
1.6 
5 
5:' 
;;:; 
1.4 
4.90 


1.2 
4.85 


OUTPUT CURRENT(AMPS) 


Output Impedance 


E 
0.1 


~ 
~ 


"0.01 


CL - 
1,f 
- 


SOLID TANi 
';: 


/ 


CL - 
10,f 


SOLID TANT 


Vi~ 
:3~ 10 


'" 
<;; 
~ 


- 
- 


-50 
-25 
0 
25 
50 
75 
100 
125 
150 


TEMPERATURE('C) 


Suggested Heat Sink 
Thermal Resistance (LT1003C) 


10 
6 
6 


~ 
4 


Peak Available Output Current 


10 


Ti - 
55'C 


T _ 2~'C 
,"~./I 
~I 


Ti - 
150'C 
-...: •.. 


'lIIIl 


2 
4 
6 
8 
10 
12 
14 
16 
18 
20 


INPUTVOLTAGE(VOLTS) 


Suggested Heat Sink 
Thermal Resistance (LT1003M) 


10 
8 
6 


~ 
4 
tj 
2 


~ 


'" 
1 
~ 
0.8 
:;i 0.6 


~ 
0.4 


0.2 
• 
'-'z 


~ 
1 
ti5 0.8 
~ 
0.6 


~ 
0.4 


~ 


10 
15 
20 
25 
3D 
35 
40 


POWERDISSIPATION(WATTS) 


10 
15 
20 
25 
30 
35 
40 


POWERDISSIPATION(WATTS) 


I 
T 


Il~150mA 


f\ 


Cl~O.I"f- 


T 


T, ~ 
25'C 
-... 
7 
V 


Ripple Rejection 


80 


10 
100 
lk 
10k 
lOOk 
1M 


fREOUENCY(Hz) 


0> 
5.0 


~;. 
2.5 


~~ 
~5'-'~ 
~~ 
-2.5 


§~ 5.0 
~~ 
~!=; 
1.0 
o 
0.5 


V,N ~ 
10V 


T, ~ 
25'C 
1\" 
.,.; 


Q-lO"F 
r, 
SOLID TANTALUM 


'Cl 
- 
0.1"F 


Ouiescent Current 


14 
Tj ~ 
-55'C 


12 
110 
~ 
8 
'5'-'!z 
6 


~ 
'"6 


12 
16 
20 


INPUT VOLTAGEM 


C,N + 
2"F 


SOLIO 
- 


TANTALUM 


·R6=~ 
12 mA 


* 
THE 6.4V ZENER IS INTERNAL TO THE LT1003. 


* * 
01 MUST BE ABLE TO WITHSTAND CONTINUOUS 
CURRENTS 
OF 8A IF ADDITIONAL 
SYSTEM SHUTDOWN 
IS NOT USED. 


LT1003 
OUT 
r- 
- 


6.4V·~ 


GND 


t 
02 MUST WITHSTAND 
LARGE SURGE CURRENTS 
UNTIL THE 


8A FUSE BLOWS. 
PEAK SURGE CURRENT IS LIMITED ONLY 


BY FUSE, WIRING, AND FILTER CAP RESISTANCE. 


tt 
TRIP POINT IS APPROXIMATELY 
7.3V . 
• 
Bypass Capacitors 


The LT1003 does not require an output capacitor for 
resistive loads. Foralmost all applications, however,a 
1/-lFor larger solid tantalum capacitor is used on the 
output within 2" of the regulator. This greatly improves 
the output impedance of the regulator at high frequen- 
cies. For critical applications where very low imped- 
ance is required at high frequencies, a 10/-lFsolid 
tantalum output capacitor is recommended. Total out- 
put capacitance may be increased without limit, either 
local or distributed. 


A 2/-lFor larger input capacitor (solid tantalum) must 
beadded if the regulator is morethan 4" away from the 
large filter capacitor in the input supply. A 25/-lFalumi- 
num capacitor may be substituted for the tantalum 
unit. 


Avoiding Ground Loops 


For best regulation, the ground pin of the LT1003 
should be tied directly to the load point as shown be- 
low. This prevents excess drop in load voltage caused 
by load current flowing through the ground return 
lead. This is essentially a Kelvin connection for the 


low side of the regulator. A Kelvin connection cannot 
be made for the high output of the regulator because 
only three pins are available on the package. There- 
fore, every attempt should be madeto minimize the re- 
sistance between the output pin of the regUlator and 
the load. #18 gauge hookup wire has a resistance of 
0.006 ohms per foot. This translates to 0.6% change 
in load voltage at full load current. The LT1003 is 
specified at 2% maximum load regulation, so one foot 
of wire represents a significant loss of regUlation. If 
connectors are used, careful consideration must be 
given to contact resistance, especially if the connector 
is subjected to nasty ambients, vibration, or multiple 
insertions. 


KEEP THIS RESISTANCE LOW 
(.••O.005f!) 
/ 


" 


HI CUlRENT 
PATH 


Raw Supply 


Transformer, diode, and capacitor selection for the 
raw supply to the LT1003 is very important because of 
the conflicting requirements for reliability, efficiency, 
and resistance to "brown-out" conditions. High sec- 
ondary voltage on the transformer will cause unneces- 
sarily high power dissipation in the regulator. Too low 
a secondary voltage will cause the regulator output to 
drop out of regulation with only a small reduction in 
AC mains voltage. The following formula gives a good 
starting point for transformer selection. This formula 
assumes a full-wave center tapped transformer, using 
two rectifier diodes. 


VRMS~ 
(VOUT + VOO+ VRECT+ VRIP)) 
( 
VNOM) 
(1.1*) 


V2 
VLOW 


where: 


VOUT 
~ 5V 
Voo 
= Minimum 
input-output 
differential 
of the 
regulator 


*1.1 
is a nominal 
load 
regulation 
factor 
for 
the 
transformer 


VRECT = Rectifier 
forward 
drop at 310uT 
VR1P 
= '12 p-p capacitor 
ripple voltage 


V 
(5.3 X 
10-3) 
(lOUT) 
RIP'" 
2C 


VNOM = Rated line voltage 
for the transformer 
(RMS) 
VLOW 
= Lowest expected 
line voltage 
(RMS) 
louT 
~ DC output 
current 


Example: 
louT = 4A, VOUT= 5V 
Assume: 
Voo = 2.5V, VRECT= 1,1V, C ~ 
12,OOO!,F 
VNOM= 115V, VLOW= 105V 


VRIP = (5.3 X 
10- 


3 
) 
(4) 
~ 
0.88V 
2 (12 X 
10-3) 


V 
= (5 + 2.5 + 1.1 + 0.88) 
(..!.12.) 
(11) 
RMS 
V2 
105' 


~ 8.08 VRMS 


The filter capacitor should be at least2000JLF per amp 
of load current to minimize capacitor heating and rip- 
ple voltage. The diodes should be rated at 8-10 amps 
even though their average current is only 2.5A at full 
rated load current. The reason for this is that although 
the average current is 2.5A, the RMS current is typi- 
cally twice this value. In addition, the diode must with- 
stand very high surge currents during power turn-on. 
This surge can be 10-20 times the DC rating of the 
supply, depending on capacitor size and wiring resis- 
tance and inductance. 


PACKAGE DESCRIPTion Dimensions in inches (millimeters) 
unless otherwise noted. 


K Package TO-3 STEEL Metal Can 


0760-0775 
n 


(19304-19685) 
0325-0350 
(8255-8890) 
~ 
hr+ 
o 


b~~~PlANE 
0420-0480 
----. 


(10668-12192) 
0038-0043 
-i t-- (0:965-1:092) 


Tjmax. 
Oja 
0jc 


LT1003MK 
150°C 
35°CfW 
1.5°CfW 


LT1003CK 
125°C 
35°CfW 
1.5°CfW 


1177-1197 


(29896-30404) 
~ 
0660-0670 
0210-0220 
(16764-17018) 
(5334- 5 588) 
cri 


0: 
0168-0178 
RTYP 
r '0-- 
01 


1 
-' 
(4267-4521) 


2 t.tOUNTING 
HOLES 


0.42S-0.435 
0.151-0.161 


(10.795-11.049) 
(3.835-4.089) 


DOA 


• 
Two Regulated Outputs 
+5Vat 
1 amp 
+5Vat 
35mA 
• 
2% Output Voltage Tolerance 
• 
66 dB Ripple Rejection 
• 
0.5% Load Regulation 
• 
TIL and CMOS Compatible Logic Control 
• 
100% Thermal Burn-in On All Devices 


• 
Power Supply Sequencing 
• 
Remote On/Off Power Control 
• 
Selective System Power During Emergency Power 
Operation 
• 
Memory Power Supply With Back-Up 


LTl005M/LTl 005C 
Logic Controlled 
Regulator 


The LT1005 features two positive 5 volt regulators in 
the same package. The main regulator offers excellent 
performance while supplying 
load currents up to 1 
amp, and the auxiliary regulator provides similar per- 
formance while supplying lighter loads of 35mA. The 
main regulator has the additional feature of being un- 
der the shutdown control of a logic signal. When the 
enable pin is taken to a low logic level, the main regu- 
lator shuts down and its output voltage goes to near 
zero volts. During this command, the auxiliary output 
is unaffected by the main regulator's 
condition and 
continues to provide a 5 volt output. 


The main output has current and power limiting com- 
bined with thermal shutdown to make it virtually blow- 
•• 
out proof. The auxiliary output is not affected by the 
•• 
thermal shutdown mechanism or the state of the main 
output, allowing it to be used as a back-up in case of 
overloads or shorts on the main supply. 


The logic input of the LT1005 (enable pin) has a 1.6V 
threshold and can be driven from a high source imped- 
ance. This allows it to be driven by most logic families, 
including TIL & CMOS. 


IN 
OUT 


LT100s 


EN 
GN) 
AlJX 


+5V~ 
ovl-- 


LOG'CL 


~ 
~ 
4V 
~ 
>- 
:::> 
~ 
2V 
:::>o 


0123456 


TIIAE (,.oec) 


LTl005M/LTl 005e 


ABSOLUTE mAXimum 
RATinGS 
PACKAGE/ORDER InFORmATion 


Power Dissipation 
Internally Limited 
Input Voltage (VIN) . . . . . . . . . . . . . . . . . . . . . .. 
20V 
Enable Voltage (VEN) . . . . . . . . . . . . . . . . . . . .. 
20V 
Operating Junction Temperature 
LT1005M 
-55°Cto 
150°C 
LT1005C 
O°C to 125°C 
Storage 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 


LT1005MK 
LT1005CK 


VEN_ 
_AUX 
GND 


5 LEAD TO·220 


ELECTRICALCHARACTERISTICS- 
mAin REGULATOR (See note 1) 


LTlOO5M 
LTlOO5C 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vo 
Output Voltage 
Tj 
~ 
25°C 
4.9 
5.0 
5.1 
4.9 
5.0 
5.1 
V 


7.4V ~ 
V,N ~ 
20V 
High 
P, ~ 
lOW 
• 
4.8 
5.0 
5.2 
4.8 
5.0 
5.2 
V 
OmA ~ 
10 ~ 
IA 


7.2V ~ 
V,N ~ 
20V 
Low 
10 ~ 
0 
• 
0.1 
0.3 
0.1 
0.3 
V 


",Vo 
Load Regulation 
7.5V ~ 
V,N ~ 
15V 
tJ;" 
OmA ~ 
10 ~ 
IA (Note 2) 
• 
5 
25 
5 
25 
mV 


...E.L 
Line Regulation 
7.4V ~ 
V,N ~ 
20V 
0.3 
2 
0.3 
2 
mVIV 


",V,N 
(Note 2) 


Ripple Rejection 
50Hz ~ f ~ 
500Hz 
66 
66 
dB 


Thermal 
Regulation 
liP, ~ 
lOW (Note 4) 
0.005 
002 
0.005 
0.02 
%/W 


10 
Available Load Current 
7.4V ~ 
V,N ~ 
15V 
I 
1.7 
I 
1.7 
A 
V,N ~ 
20V 
0.7 
1.3 
07 
1.0 
A 


Isc 
Short Circuit Current 
7.0V ~ 
V,N ~ 
15V 
1.5 
2.5 
1.5 
2.5 
A 
V,N ~ 
20V 
1.2 
2.0 
1.2 
2.0 
A 


V,N 
Minimum 
Input Voltage to Maintain 
(Note 5) 
Regulation 
10 ~ 
0.2A 
• 
7.0 
6.5 
6.9 
6.5 
V 
10 ~ 
I.OA 
• 
7.5 
7.0 
7.5 
7.0 
V 


10 
Quiescent Current 
Output High 
2 
4 
2 
4 
mA 
Output Low 
1.5 
3 
1.5 
4 
mA 


('lJC 
Thermal 
Resistance 
TO·3 
3 
4 
3 
4 
°C/W 
Junction 
to Case 
TO-220 
3 
5 
°C/W 


LTl005MjLTl 005e 


ELECTRICALCHARACTERISTICS- 
AUXILIARY REGULATOR 
(See note 
1) 


LTlOO5M 
LTlOO5C 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vo 
Output Voltage 
Ti ~ 25°C 
4.9 
5.0 
5.1 
4.9 
5.0 
5.1 
V 


7.OV <; V,. 
<; 20V 
OmA <; 10 <; 35mA 
• 
4.8 
5.0 
5.2 
4.8 
5.0 
5.2 
V 


!>.Vo 
Load Regulation 
7.OV <; V,. 
<; 20V 
lJo"" 
OmA <; 10 <; 35mA 
• 
5 
15 
5 
15 
mV 
(Note 2) 


..E.L 
Line Regulation 
7.OV <; V,N <; 20V 
0.2 
1 
0.2 
1 
mVIV 
!>.V,N 
(Note 2) 


Ripple Rejection 
50Hz <; f <; 500Hz 
74 
74 
dB 


Isc 
Short Circuit 
Current 
7.OV <; V,. 
<; 20V 
90 
150 
90 
150 
mA 


V,. 
Minimum 
Input Voltage 
to Maintain 
(Note 5) 
Regulation 
10 ~ 
lmA 
• 
6.5 
6.1 
6.5 
6.1 
V 
10 ~ 
35mA 
• 
6.9 
6.5 
6.9 
6.5 
V 


ELECTRICALCHARACTERISTICS- 
lOGIC 
COnTROL (See note 
1) 


LTlOO5M 
LTlOO5C 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VE• 
Enable Threshold 
Voltage 
7.OV ,.;; V,. 
<; 20V 
Tj 
~ 
25°C 
1.45 
1.6 
1.75 
1.45 
1.6 
1.75 
V 
• 
1.3 
1.6 
1.85 
1.3 
1.6 
1.85 
V 


Enable Pin Current 
VEN 
<; tV 
0 
150 
0 
150 
IJA 
(See Note 3) 


VE• 
;. 
2.4V 
0 
1 
0 
1 
IJA 


The. 
denotes the specifications 
which apply over the full operating 
temperature 
range. 


Notel: 
Unless otherwise 
indicated, 
these specifications 
apply for 
V,. = 10V, 10 = OmA, and TJ = 25°C. 
Note 2: Line and load regulation 
are measured using a low dUty cycle 
pulse, causing 
little change in the junction 
temperature. 
Effects due 
to thermal gradients 
and device heating must be taken into account 
separately. 


Note 3: When the enable pin is at a low logic level, current 
flows out 
of the enable pin. 
Note 4: Pulse length for this measurement 
is 20msec. 


Note 5: Input Voltage is reduced until output drops by 100mV from its 
initial 
value. 


LTl005M/LTl 005e 


TYPICAL PERFORmAnCE 
CHARACTERISTICS 


Minimum Input-Output Differential 
of Main Output 


:;;: 
2.4 
~S 
2.0 


>- 


~ 
16 
~ 1.2 


~j-25°C 
f".. 


...•.•.•. 


~ 
1.5i 
i3 
.-- 
1.0 


~ 
u· 
li: 
~ 
0.5 


10 
12 
14 
16 
18 
20 


INPUTVOlTAGEM 


Output Voltage as Funcllon 
of Temperature 


5.05 
:;;:! 
,. 
5.00 
~5 v" 
-- 
.....•.• 


••.....• 


-50 
-25 
0 
25 
50 
75 
100 
125 
150 


TEMPERATURE(OC) 


Minimum Input-Output 
Differential 
of Auxiliary Output 
Maximum Available 
Load Current-Main 
Output 


1.8 
:;;: 
~~ 
\? 
16 


>- 
~ 1.4 
=> 
0>'- 
=>~ 1.2 


1.0 


2.0 


~ 
>-z 
!l' 
1.5 
=>u 
<:>..g 


1.0 


0.5 
-so 
-25 
0 
25 
so 
75 
100 
125 
1SO 


JUNCTIONTEMPERATURE(OC) 


Load Transient Response 
of Main Output 
Line Transient Response 
of Main Output 


\. 
COUT- 
10.F 
- 
V 
- 


\ 
GouT - 
10F 
V 
II - 
•. 


,VIN - 
1V 
I 


>- 
S. +50 
{;., 
~ 
~ 
-50 


>- 
S. +20 
{;., 


~ 
-20 


0.1 
:§:~ 
~ 


~ 
0.01 


LTl005M/LTl 005e 


Tj - ~5'C 
If' 


1/ 


J 


..,/ 


~ 
4V 
§... 


~ 
2V 
5 
1-0.25 


~ 
-0.50 
!Z 


~ 
-0.75 


-1.0 


CN 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
20V 


VOLTAGE (VOLTS) 


o 
25 
50 
75 
100 
125 
150 


TEMPERATURE ('C) 


Output Characteristics 
in Low State 
Output Noise 


VIN- 10V 
70 
CooT - l,F 
Tj - 25'C 
60 


~ 
50 


:; 
40 
~ 
~30 


20 


10 


100 
300 
lk 
3k 
10k 
30k 


3.0!2.5i 2.0 
13 
~ 
1.5 
in 


0.2 
0.4 
0.6 


OUTPUT VOLTAGE (V) 


LTl OOSM/LTl oose 


APPLICArIOnS InFORmArIOn 


Slnlrlllnforllltlon 
The LT1005 is a dual output 5V regulator. The main 
output is capable of delivering up to 1amp of load cur- 
rent and can be shut down with a logic signal. The 
auxiliary output supplies a minimum of 35mA and is 
unaffected 
by the 
logic 
signal. 
The outputs 
are 
trimmed to ± 2% initial tolerance and exhibit excellent 
line and load regUlation. 


The logic control feature makes the LT1005 ideal for 
many system applications 
where it is desirable to 
power up a portion of the system for a period of time 
and then power the system down during a standby op- 
eration. As an example, the LT1005 could be used to 
activate 
various 
memory space locations 
only as 
needed, thus saving substantial 
power dissipation 
and other cooling costs. The LT1005 could also be 
used to power micro-computers, such as the 8048 se- 
ries. The auxiliary supply can be used for RAM keep- 
alive during power down operation. Additional power 
savings can be accomplished by using the LT1005 to 
power PROM, EPROM, and E2pROM devices. During 
program load, or look-up table operations the ROM 
type device can be activated and its' contents placed 
in RAM, and then the ROMpower can be removed. Or 
for high speed but low power data acquisition 
sys- 
tems, the power could be applied to fast memory, then 
the data transferred to CMOSmemory. The main regu- 
lator can then be shutdown and the CMOS memory 
can be powered by the auxiliary for lower power dissi- 
pation. Other applications, 
such as multiple power 
supply sequencing, elimination of expensive AC and 
DC power 
switches, 
delayed 
start 
applications, 
switching 5V DC loads, and many others are noweasi- 
ly accomplished. 


Timing functions can also be performed directly at the 
enable pin, such as delayed power-up or power-down. 


Because a logic low on the enable pin shuts down the 
main regUlator, feedback from output to enable can be 
used to generate hysterisis or latching functions. 


The low quiescent current drain of the LT1005 makes 
it useful in battery powered or battery back-up appli- 


cations. The enable pin can be used as a "low bat- 
tery" 
detector or to shut down major portions 
of 
system power, allowing memory portions to continue 
to operate from the auxiliary output. At low output cur- 
rents, the auxiliary output will regulate with input volt- 
age typically as low as 6.1V, giving maximum battery 
life. 


Good design practice with all regulators is to bypass 
the input and output terminals. A 1/lF solid tantalum at 
the input and at both outputs is suggested. For the ap- 
plications which follow, the bypass capacitors are still 
recommended, but are not shown on the diagram for 
simplicity. It is also recommended that for maximum 
noise immunity, the voltage enable pin be tied high if it 
is unused. It can be tied directly to V1N as shown in 
Figure 1, or to the auxiliary output. If the enable pin is 
left open, it will float to a high logic level of approxi- 
mately 1.6V and the main output regulator will be at 
5V. 


+5V 
+l~F 


+5V 


The enable pin is fUlly protected against input volt- 
ages up to 20 volts, even if the power input voltage is 
zero. 


The basic shutdown control circuit uses a direct gate 
drive or an open collector driver and a pull-up resistor 
which is tied to VAUX as shown in Figure 2. 


Figure 2. 
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Driving the EnablePin 
The enable pin equivalentschematic is shown in Fig. 3. 
Basically,enablepin current is zeroabovethe threshold, 
and between2and 70pA belowthethreshold, flowing out 
ofthe pin. Standardlogic, suchasTTL& CMOSwill inter- 
face directly to the enable pin, even if the logic output 
swing is higher than the input voltage (VIN) to the 
regulator. 15VCMOScan beusedto drive the enablepin 
even if the regulator is not powered up, without loading 
the CMOSoutput. 


t ~ 2-70~A 


+1V~ENABLE 


Timing functions, such as delayed power-up or power- 
down can be implemented by driving the enable pin 
with an RCnetwork. The current flowing out of the en- 
able pin should not be used as the timing current in 
delayed power up applications, as it is temperature 
sensitive and varies somewhat from device to device. 
Instead, a resistor tied to the auxiliary output, the in- 
put, or to a logic signal should be used. The timing re- 
sistor chosen should provide at least 500~A of current 
to "swamp-out" the effects of the internal current. 


Main OutputCurrent/Voltage Characteristics 
Following a high to low transition at the enable pin, the 
main regulator output will begin to drop after a delay of 
approximately 
1~sec. With no capacitive load, the 
output will fall to zero in approximately 0.5~sec (RL = 
5-100Q). With a capacitive load, fall time is limited by 
the RCproduct of the load and the output capacitance. 
For light loads (RL > 100Q), the discharge time is 
controlled by an internal equivalent load of 200Q for 
output voltages down to 1volt. Below 1volt, the output 
decays linearly, with a slope equivalent to the load ca- 
pacitance and a pull down current of approximately 
0.5mA. The DC output voltage in the shutdown mode 
is approximately 0.1 volt for input voltages (V1N) up to 


15V. If VINis 20V, the output during shutdown will beap- 
proximately O.2V due to an internal current path in the 
regulator (see Figure 4). 


Figure 4. 
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The user should note that the output in the low state 
can only sink about 0.5mA. If current is forced into the 
output, the output voltage will rise to 0.8V at 1mA and 
above 1V at 10mA. With no output capacitor, the rise 
time of the main output is about 1.5~s. With an output 
capacitor, rise time is limited by the short circuit cur- 
rent 
of the 
LT1005 
and the 
load 
capacitance; 
tr "" (C)(5V)/(1.5A). A 1~Foutput capacitor slows the 
output rise time to approximately 3~s and a 10~F out- 
put capacitor slows the output rise time to 30~s. 


OutputCurrent 
The main output current limits at about 1.7A for input 
voltages below 19V.lnternal foldback, or "power limit- 
ing" circuitry detects the input-output voltage differ- 
ential and reduces current limit for input to output 
voltages exceeding 14V.With 20V input, for instance, 
short circuit current is reduced to "" 1.1A. 


An additional feature of the LT1005 is that the auxil- 
iary supply does not incorporate nor is it affected by 
thermal shutdown. Any fault condition of the main 
regulator will not affect the auxiliary output voltage. 


The following applications circuits will serve to indi- 
cate the versatility of the LT1005. 


LTl005M/LTl 005e 


TYPICAL APPLICArIOnS 
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TYPICAL APPLICATions 
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The auxiliary output powers the memory, while the main 
output powers the system and is connected to the memory 
store pin. When power goes down, the main output goes 
low, commanding the memory to store. The auxiliary output 
then drops out. 
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• 40/lA Supply Current 
• 
125mA Output Current 
• 2.5V Reference Voltage 
• Reference Output Sources 1mA and Sinks O.5mA 
• Dual Output Comparator 
• Comparator 
Sinks 10mA 
• Dropout Detector 
• O.2VDropout Voltage 
• Thermal Limiting 
• Available in SO Package 


• 
Battery Systems 
• 
Battery Backup System 
• 
Portable Terminals 
• 
Portable Instruments 


LT1020 


Micropower Regulator 
and Comparator 


The LT1020 is a combination 
micropower 
positive regula· 
tor and free collector 
comparator 
on a single monolithic 
chip. With only 40/lA supply current, the LT1020 can supply 
over 125mA of output current. Input voltage range is from 
4.5V to 36V and dropout voltage is O.6Vat 125mA. Dropout 
voltage decreases with lower load currents. Also included 
on the chip is a class B output 2.5V reference that can ei- 
ther source or sink current. A dropout detector provides an 
output current to indicate 
when the regulator 
is about to 
drop out of regulation. 


The dual output comparator 
can be used as a comparator 


for system or battery monitoring. 
For example, the com- 
parator can be used to warn of low system voltage while 
.,. 
the dropout 
detector 
shuts down the system to prevent 
•• 
abnormal operation. 
Frequency compensation 
of the com· 
parator for amplifier 
applications 
can be obtained 
byadd· 
ing external 
output 
capacitance. 
Dual output 
or positive 
and negative regulators can also be made. 


The 2.5V reference will source or sink current. This allows 
it to be used as a supply splitter or auxiliary output. 
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Input Voltage 
36V 
NPN Collector 
Voltage 
36V 
PNP Collector 
Voltage 
Supply - 36V 
Output Short Circuit 
Duration 
Indefinite 
Power Dissipation 
Internally 
Limited 
Operating 
Temperature 
Range 
LT1020C 
OOCto 100°C 
LT1020M 
- 55°C to 125°C 
Storage Temperature 
Range 
LT1020C,M 
- 65°C to 150°C 


ORDER PART 
NUMBER 


LT1020MJ 
LT1020CJ 
LT1020CN 


(ALSO AVAILABLE 
IN SO PACKAGE) 


ELECTRICAL 
CHARACTERISTICS 
Ij = 25°C 


PARAMETER 
I 
CONDITIONS 
MIN 


Reference 


Reference Voltage 
4.5VsV1Ns36V 
2.46 
2.50 
2.54 
V 


Line Regulation 
4.5V <V1N<36V 
0.01 
0.015 
%N 


Load Regulation 
- 0.5mAsIREFs1mA, 
V1N= 12V 
0.2 
0.3 
% 


Output Source Current 
V1N=5V 
1 
4 
mA 


Output Sink Current 
V1N=5V 
0.5 
2 
mA 


Temperature Stability 
1 
% 


Supply Current 
V1N=6V, IOUTS100~A 
45 
80 
~ 
V1N= 36V, lOUTS100~A 
75 
120 
~A 
V1N= 12V,loUT= 125mA 
11 
20 
mA 


Output Current 
(V1N- VOUT)2:1V, V1N2:6V 
125 
mA 


Load Regulation 
(VIN-VOUT»1V, 
V1N>6V 
0.2 
0.5 
% 


Line Regulation 
6VsV1Ns36V 
0.01 
0.015 
%N 


Dropout Voltage 
lOUT= 100~A 
0.02 
0.05 
V 


lOUT= 125mA 
0.4 
0.65 
V 


Feedback Sense Voltage 
V1N= 12V 
2.44 
2.5 
2.56 
V 


Dropout Detector Current 
avOUT= -0.05V 
3 
20 
~A 


Feedback Bias Current 
15 
40 
nA 


Minimum Load Current 
V1N=36V 
1 
5 
~A 


Short Circuit Current 
V1N=36V 
250 
360 
mA 
Pin 9 and Pin 10 shorted, V1N= 4.5V 
3 
30 
mA 


Offset Voltage 
OVsVcMs35V, 
V1N=36V 
3 
7 
mV 


Bias Current 
OVsVcMs35V, 
V1N=36V 
15 
40 
nA 


Offset Current 
OVsVcMs35V, 
V1N=36V 
4 
15 
nA 


Gain·NPN Pulldown 
aVOUT=29V, Rl = 20k 
2000 
10000 
VN 


Common Mode Rejection 
OVsVcMs35V, 
V1N=36V 
80 
94 
dB 


ELECTRICAL CHARACTERISTICS 


PARAMETER 
I__ 
C_O_N_DI_TI_ON_S 
M_IN 
TY_P 
M_AX 
__ 
~ 
__ 
U_N_IT_S 


Comparator 


Power Supply Rejection 
4.5V"Vs,,36V 
80 
96 
dB 


Output Sink Current 
V1N=4.5V 
10 
18 
mA 


NPN Saturation Voltage 
lour= 1mA 
0.4 
0.6 
V 


Output Source Current 
60 
200 
~A 


Input Voltage Range 
0 
V1N-1 
V 


Response Time 
5 
~s 


Leakage Current (NPN) 
2 
~A 


ELECTRICAL CHARACTERISTICS 


PARAMETER 
I 
CONDITIONS 


Reference 


Reference Voitage 
4.5V"VIN"36V 
• 
2.40 
2.50 
2.55 
V 


Line Regulation 
4.5V" V1N" 36V 
• 
0.01 
0.02 
%N 


Load Reguiation 
- 0.5mA"IREF"1mA, 
V1N = 12V 
• 
0.3 
0.4 
% 


Output Source Current 
V1N=5V 
• 
1 
mA 


Output Sink Current 
V1N= 5V 
• 
0.5 
mA 


Supply Current 
V1N=6V, lour,,100~A 
• 
65 
95 
~A 
V1N=36V, lour,,100~A 
• 
85 
120 
~A 
V1N= 12V, lour= 125mA 
• 
11 
20 
mA 


Output Current 
(VIN-VoUT),,1V, 
VIN,,6V 
• 
125 
mA 


Load Regulation 
(VIN-VoUT),,1V, 
VIN,,6V 
• 
1 
% 


Line Regulation 
6V"VIN,,36V 
• 
0.02 
%N 


Dropout Voltage 
lOUT= 100~A 
• 
0.06 
V 
lOUT= 125mA 
• 
0.85 
V 


Feedback Sense Voltage 
V1N = 12V 
• 
2.38 
2.5 
2.57 
V 


Dropout Detector Current 
ilVour= 
-0.05V 
• 
3 
~A 


Feedback Bias Current 
• 
50 
nA 


Minimum Load Current 
V1N=36V 
• 
50 
~A 


Short Circuit Current 
V1N=36V 
• 
240 
360 
mA 
Pin 9 and Pin 10shorted, V1N = 4.5V 
• 
2.5 
30 
mA 


Offset Voltage 
OV" =VcM,,35V, V1N=36V 
• 
10 
mV 


Bias Current 
OV"VCM ,,35V, V1N = 36V (Note 1) 
• 
15 
60 
nA 


Offset Current 
OV"VcM,,35V, 
V1N=36V 
• 
20 
nA 


Gain-NPN Pulldown 
ilVour= 29V, RL= 20k 
• 
1000 
VN 


Common Mode Rejection 
OV"VcM,,35V, 
V1N=36V 
• 
80 
dB 


Power Supply Rejection 
4.5V"Vs,,36V 
• 
80 
dB 


Output Sink Current 
V1N = 4.5V (Note 2) 
• 
5 
10 
mA 


Output Source Current 
• 
40 
120 
~A 
Input Voltage Range 
• 
0 
V1N-1 
V 


Leakage Current (NPN) 
V1N=36V 
• 
8 
~A 


The. 
denotes the specifications 
which apply over full operating tempera- 
ture range. 
Note 1: ForOV "VcM"O.1V 
and T>85°C I bias max is 100nA. 


Note 2: ForTA" 
-40°C 
output sink current min is 2.5mA. 


Pins 1, 12, 14-No 
internal connection. 


Pin 2-Regulator 
Output. Main output, requires 10/LFout· 


put capacitor. 
Can be shorted to VIN or ground without 
damaging 
device. 


Pin 3-lnput 
Supply. Bypass with 10/LFcap. Must always 
be more positive than ground. 


Pin 4-Reference. 
2.5V can source or sink current. May be 
shorted to ground or up to 5V. Voltages 
in excess of 5V 
can damage the device. 


Pin 5-Comparator 
PNP Output. Pull up current source for 
the comparator. 
May be connected 
to any voltage from VIN 
to 36V more negative than VIN (operates below ground). 
Short circuit 
protected. 
For example, if VIN is 6V then pin 5 
will operate to - 30V. 


Pin 6-Comparator 
NPN Output. May be connected 
to any 
voltage from ground to 36V more positive than ground 
(operates above VIN). Short circuit protected. 


Pins 7, 8-Comparator 
Inputs. Operates from ground to 
VIN -1V. 
Comparator 
inputs will withstand 
36V even with 


VIN ofOV. 


Pin 9-Ground. 


Pin 10-Current 
Limit. Connecting 
this pin to ground de· 
creases the regulator current limit to 3mA min. Leave open 
when not used. 


Pin 11-Feedback. 
This is the feedback 
point of the reg· 
ulator. When operating, 
it is nominally 
at 2.5V. Optimum 
source resistance 
is 200k to 500k. The feedback 
pin should 
not be driven below ground or more positive than 5V. 


Pin 13-Dropout 
Detector. This pin acts like a current 
source from VIN which turns on when the output transistor 
goes into saturation. 
The magnitude 
of the current 
depends on the magnitude 
of the output current and the 
input-output 
voltage differential.Pin 
current ranges from 
5/LAto about 300/LA. 


Regulator 
Load Regulation 
Supply Current 


0.3 
100 


PRE·LOAD = 100"A 


_ 
0.2 
'" 
_ 
10 


w 
"" 
'" 
0.1 
§. 
z 
"" 
0- 
or 
'-' 
z 
w 
w 


0 
§ 
1 
~~ 
'-' 
0 
i 
> 
~ -0.1 
5 


V) 
0.1 
0 


-0.2 


-0.3 
0.1 
1 
10 
100 
1000 
1 
10 
100 
1000 
OUTPUT CURRENT (mA) 
REGULATOR OUTPUT CURRENT (mA) 


- 


- r-CURRENT 
LIMIT TIED TO GROUND I-- 


I 
I 


i 
;::-250 
z 
w 
'"§5 200 
'-' 
0- 


~ 
150 
U 
Ii: 100 
o 
or 
V) 


o 
-50 
-10 
3D 
70 
110 
150 
TEMPERATURE (0G) 


Dropout Voltage 


1 R::r::r:l:~::q: 


6VOUr= 
loomV 
~~ 
« 
>=i 
B 
>- 
~ 
0.1 
=>o 
~~ 
'"o 
~ 
03 


'" 0.01 
0.1 
1- 
10 
100 
1000 


REGULATOROUTPUT CURRENT (mA) 


Dropout Detector Current 


tOO 


1 
>- 
10I 
'-' 
'"~~ 
>- 
~ 0.1 
Ii' 
0 


100 
1000 


REGULATOROUTPUT CURRENT (mA) 


Regulator 
Ripple Rejection 


70 
10 


65 


Oi 
60 
:< 
~ 
S 
z 
55 
>- 
0 
z 
~ 
w 


50 
'"'" 
iii 
=>'-' 
w 
45 
i 
~ 
0.1 


'" 
40 
<n 


35 


0.01 


100 
lk 
10k 
lOOk 
RIPPLE FREOUENCY (Hz) 


.L7~ 


Dropout Voltage 


1 


~~ 
«I 
B 
>- 


~ 
0.1 
o 
~ 
'"o; 


'" 0.01 
0.1 
1 
10 
tOO 
tOOO 


REGULATOROUTPUT CURRENT (mA) 


lOUT 
tOOmA- 


\ 
.1 
21 
\ 
lOUT 


\ 
\ 1\ 
\ 
\ 


lOUT 
5mA~ == 
x 
lOUT 
lmA--' 
- 


I\-t 
\ 


1 
>-z!100 


'"o 


~ 
>- 
to 


~ 
gj 


1 
o 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 


REGULATOR INPUT-OUTPUT DIFFERENTIAL (V) 


=IOUT 
100mA 


I 


lOUT 
10mA 


I 
I 


=IOUT 
lmA 


VOUT=5V 
I 
TJ~ 
-55'C 
TO 125'C 
I 


100 


1 
>-z 
'"'" 
=>'-' 
10 
0«g 
~ 
::;;z:;; 


J/ 


/ 


J 
1 
70 
so 
90 
tOO 
110 
120 
130 
140 
150 
TEMPERATURE I'C) 


10 


:<s 
>-z 
w 
'"'" 
=>'-'':l 
~ 
0.1 


TJ 
55'C 
TO 125'C 


lOUT 
100mA 


~OUT 
10mA 


, 
I 


~ 
=IOUT 
lmA 


0.01 
o 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 


REGULATOR INPUT-OUTPUT DIFFERENTIAL (V) 


~ 
w 
'" 
Z 
~ 
1 
<..> 
w 
~ 
0 


~ -1 
<..> 
ffi 
~ -2 


~ 
-3 


~ 
"' 
""- 
" 
""-... 


r--- 


-4 
-1.5 
-1.0 
-0.5 
0 
0.5 
1.0 
1.5 
REFERENCEOUTPUT CURRENT (mA) 


, 
I 


T]=12~oC 


I 


_ 
TJ= 
-55°C 


T]=2~oC - r- 
I-- 


1\ 
\ 


;< 


~ 
70 
z 
~ 
60 
a: 
B 
50 
'"~ 
40 


>- 
~ 
30 
~ 


10 


o 
-1 
-0.6 
-0.2 
GNO 0.2 
0.6 
COMMON-MODE VOLTAGE (V) 
REFERREDTO PIN 9 (GND) 


~ 
0.1 
~ 
<..> 
w 
~ 
0 


'"'5 
>- 
~ -0.1 


::>o 


V,N=15V 
VOUT=5V 


"- 
V- 
1"- I'-- 
/ 


! 
>- 
50i 
<..> 


~ 
0 


::>o 


~ 
30 


>-z 
~ 
25 


::> 
~ 
20 
0: 
G 
15 
~ 


~ 
10 


o 
0.1 
1 
10 
100 
1000 


REGULATOROUTPUT CURRENT (mA) 


o 
012345678 


INPUT VOLTAGE (V) 


The LT1020 is especially 
suited for micropower 
system ap- 
plications. 
For example, 
the comparator 
section 
of the 
LT1020 may be used as a battery checker to provide an in· 
dication 
of low battery. The dropout 
detector 
can shut- 
down the system when the battery voltage becomes too 
low to regulate. Another type of system application 
for the 
LT1020 would be to generate the equivalent 
of split sup· 


plies off of a single power input. The regulator section pro· 
vides regulated 
output 
voltage and the reference, which 
can both source and sink current is then an artificial 
sys- 


tem ground providing a split supply for the system. 


For many applications 
the comparator 
can be frequency 
compensated 
to operate as an amplifier. 
Compensation 


:> 
~ 
4.0 


1'> 
~ 35 
>- 


~ 
3.0 


o 


values for various gains are given in the datasheet. 
The 
comparator 
gain is purposely 
low to make it easier to fre· 
quency 
compensate 
as an amplifier. 
Two outputs 
are 
available on the comparator, 
the NPN output is capable of 


sinking 10mA and can drive loads connected to voltages in 
excess of the positive power supply. This is useful for driv· 
ing switches or linear regulators off of a higher input volt· 
age. The PNP output, which is capable of sourcing 
100ilA 
can drive loads below ground. 
It can be used to make 
negative regulators 
with the addition 
of an external pass 
transistor. 
Both outputs can be tied together to provide an 
output that swings from rail·to·rail 
for comparator 
or am· 
plifier applications. 
Although 
it is not specified, 
the gain 
for the PNP output is about 500-1000. 


If the PNP output is being used, to maximize the gain, a 
1·5j.lAload should be placed upon the NPN output collec· 
tor. This is easily done by connecting 
a resistor between 
the NPN collector and the reference output. (Providing this 
operating 
current to the NPN side increases the internal 


emitter base voltages and maximizes the gain of the PNP 
stage.) Without this loading on the NPN collector, 
at tem- 
peratures in excess of 75°C, the gain of the PNP collector 
can decrease by a factor of 2 or 3. 


Reference 


Internal to the LT1020 is a 2.5V trimmed 
class B output 
reference. 
The reference 
was designed 
to be able to 
source or sink current so it could be used in supply split· 
ting applications 
as well as a general purpose reference 
for external circuitry. The design of the reference allows it 
to source typically 
4 or 5mA and sink 2mA. The available 
source 
and sink current 
decreases 
as temperature 
in· 
creases.1t is sometimes desirable to decrease the AC out· 
put impedance 
by placing 
an output capacitor 
on them. 


The reference in the LT1020 becomes unstable with large 
capacitive 
loads placed directly on it. When using an out· 
put capacitor, 
about 20n should 
be used to isolate the 
capacitor 
from the reference pin. This 20n resistor can be 
placed directly in series with the capacitor or alternatively 
the reference line can have 20n placed in series with it and 
then a capacitor 
to ground. This is shown in Figure 1. 


Other 
than 
placing 
large 
capacitive 
loads 
on 
the 
reference, 
no other precautions 
are necessary 
and the 
reference is stable with nominal stray capacitances. 
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Overload Protection 


The main regulator in the LT1020 is current limited at ap· 
proximately 
250mA. The current limit is stable with both 
input voltage and temperature. 
A current limit 
pin, when 
strapped to ground, decreases the output current. This al· 
lows the output current to be set to a lower value than 
250mA. The output current available with the current limit 
pin strapped to ground is not well controlled 
so if precise 
current limiting 
is desired it should be provided externally 
as is shown in some of the application 
circuits. 


If the device is overloaded for long periods of time, ther· 
mal shutdown 
turns the output off. In thermal shutdown, 


there may be some oscillations 
which can disturb external 
circuitry. 
A diode connected 
between the reference and 
feedback terminal provides hysteresis under thermal shut· 
down, so that the device turns on and off with about a 5 
second period and there are no higher frequency oscilla· 
tions. This is shown 
in Figure 2. This diode is recom· 
mended for most applications. 
Thermal 
shutdown 
tem· 
perature is set at approximately 
145°. 


Like most other IC regulators, a minimum load is required 
on the output of the LT1020 to maintain 
regulation. 
For 
most 
standard 
regulators 
this 
is normally 
specified 
at 
5mA. Of course, for a micropower 
regulator this would be 
a tremendously 
large current. The output current must be 
large enough to absorb all the leakage current of the pass 
transistor 
at the maximum operating temperature. 
It also 
affects 
the transient 
response; low output currents 
have 
long recovery times from load transients. 
At high operat· 
ing temperatures 
the minimum load current increases and 


having too low of a load current may cause the output to 
go unregulated. 
Devices are tested for minimum 
load cur· 
rent at high temperature. 
The output voltage setting resis· 
tors to the feedback 
terminal 
can usually be used to pro· 


vide the minimum 
load current. 


Frequency Compensation 


The LT1020 is frequency compensated 
by a dominant 
pole 
on the output. An output capacitor 
of 10f.lFis usually large 
enough 
to provide good stability. 
Increasing 
the output 
capacitor 
above 10f.lFfurther improves stability. 
In order to 


insure stability, 
a feedback 
capacitor 
is needed between 
the output pin and the feedback pin. This is because stray 
capacitance 
can form another pole with the large value of 
feedback resistors 
used with the LT1020. Also, a feedback 
capacitor 
minimizes 
noise 
pickup 
and improves 
ripple 
rejection. 


With the large dynamic operating 
range of the output cur· 


rent, 10000:1, frequency response changes widely. Low AC 
impedance 
capacitors 
are needed 
to 
insure 
stability. 


While solid tantalum 
are best, aluminum 
electrolytics 
can 
be used but larger capacitor 
values may be needed. 


The CURRENT LIMIT pin allows one of the internal 
nodes 
to be rolled off with a 0.05f.lFcapacitor 
to ground. With this 
capacitor, 
lower values of regulator 
output 
capacitance 
can 
be used 
(down 
to 
1f.lF) for 
low 
«20mA) 
output 
currents. 
Values 
of 
capacitance 
greater 
than 
0.05f.lF 
degrade the transient 
response, so are not recommended. 


If the CURRENT LIMIT pin is connected 
to GND, the cur· 
rent limit is decreased and only a 1f.lFoutput capacitor 
is 
needed. 


When bypassing the reference, a 2011resistor must be con· 
nected in series with the capacitor. 


R2 


C2 


.". 


Av 
R1 
C1 


1 
330 
0.1pF 


10 
1000 
0.047pF 
100 
10k 
0.002pF 


AT Av = 100. 
SLEW RATE = +005V/"s 


-6V/I!s 


LT1020 
10k" 


FB 11 


"FOR CURRENT LIMIT 


.". 
=1.5A 


'MUST 
HAVE LOW 


ESR. SEVERAL 100pF 
CAPACITORS CAN BE 
PARALLELED. 


9 


GND 


8 -INPUT 


LTl020 


DROP 
GND 
OUT 
9 
13 


O.OOl"F 


FB 11 


2N3904 


"FOR TEMPERATURES 
GREATER THAN 70°C 


REDUCE 51k RESISTORS TO 15k. 10 WILL 
INCREASE. 


VOUT 2 


O.OOl"F 


11 


FB 


MAIN 
V'N 
3 
POWER 
INPUT 


INTERNAL 
PARASITIC 
mODES OF LTl 020 
VIN-1'''' 
I'" 
~VOUT 


5V 
OUTPUT 


NC 


"TRANSISTOR 
USEO BECAUSE OF LOW LEAKAGE CHARACTERISTICS. 


TO TURN OFF THE OUTPUT OF THE LT1020 
FORCE FB IPIN 11) > 2.5V. 


Turn Off at Dropout 


Rl 
R2 
1.5M 
1M 
V,N 


':" 


3 
V,N 
OUT 
2 


LT1020 
0.OO1.F 


11 


':" 
5 
6 


1M 


TO. 


047 
• 
F 


Current Limited 1 Amp Regulator 


2.2k 
0.50" 


3 


V,N 


0.22.F 


VOUT 
2 


LTl020 
FB 
11 


GND 
2700 
lOOk 
9 


':" 
':" 
':" 


OUTPUT TURNS OFF 
AT DROPOUT. OUTPUT 
TURNS ON WHEN: 


V,NXR2=2.5V 


R1 +R2 


"SETS 
CURRENT 


LIMIT 
BUT INCREASES 
DROPOUT VOLTAGE BY 
0.5V. 


t MUST 
HAVE LOW 
ESR. SEVERAL l00,.f 
CAPACITORS 
CAN BE 
PARALLELED. 


ISC 
SENSE 


O.03lJ 
t MUST 
HAVE LOW 
ESR. SEVERAL 
l00"F 


CAPACITORS 
CAN BE 
PARALLELEO. 


+r~ 


S 


VIN 


TTL COMPATIBLE 


OV 


+ 


~ 


O"F 


VOUT 
(-) 


-= 
lN5819 
20 F 


OR EQUIVALENT J" 
• 


VOUT (NL)~ 
-(V'N-1V) 
VOUT(5mA)~ 
-(VIN-3V) 


IO~300~ 


VOUdNL) 
~2V'N-1V 


VOUT (5mA) 
~2V'N-3V 
lo~3QO~ 


4 
3 


V'N 


OUTPUT 
2 


TO 
1.8M 
VREF 
2N3904 
(PIN 4) 


MAINTAINS 
LOW I Q ( < 100,.A) 
FOR ALL INPUT VOLTAGES 
SWITCHER EFFIC. ~85% 
POST REG. EFFIC. =82% 
OVERALL EFFIC. = 70% 
SWITCHING 
REGULATOR OUTPUT = 
2.5 x(1 
+RA/RB). 
FOR A CLEAN OUTPUT 


FROM THE LINEAR REGULATOR SET TO VaUT+ 
1.2V 


SWITCHING r---- -pOST 
REG.- 
- 
- 
- 
- 
..., 


REGULATOR OUTPUT I 
I 


4mHi\ 
I 
I 


-- 
3 
V,N 
LT1020 
VOUT 2 
VaUT 
I 


5V@100mA 
I 
I 
I 
I 
I 
I 
I 
I 
D~ 
I 
L 
~ 
_.J 


+ 


~ 
~s; 
~~ 
~~ 
~~ 


~ 
~~ 


~~ 


2~ 
£~ 
,- 


:£~ 
~ 
~ 


~* 
2~ 
<= 


" 
~;: 


~~ 


122 


a:~ 


PNP OUT 
OUTPUT 


NPN OUT 
DROPOUT 
DETECTOR 


NON· 
11 
FEEDBACK 


INVERTING 


INVERTING 


9 
GROUND 


J14 Package 
Hermetic 
DIP 
N14 Package 
Plastic DIP 


-.1, 


0055 
(i397j 
"" 


~ 
..... 
_.::1"'" 


o,,8.0003 
.,~ l., 
1-",00.0"0 
(O.57:t::0076)~ 
--, 
(2540:1:0254) 


0060",0,020 
(U2h0508j 


0300-0320 


l762l1-8128) 
rl~:1 
"" 


0,020 


~I05081 
(31P.i1 
NtH 
"r 
I 
t 


• 40/lASupply Current 
• 125mAOutput Current 
• 2.5VReference Voltage 
• Reference Output Sources 1mA and Sinks O.5mA 
• Dual Output Comparator 
• Comparator Sinks 10mA 
• Dropout Detector 
• O.2VDropout Voltage 
• Thermal Limiting 
• Electrical Shutdown 


• Battery Systems 
• Battery Backup System 
• Portable Terminals 
• Portable Instruments 


LT1020CS 


Micropower Regulator 
and Comparator 


The LT1020 is a combination micropower positive regula- 
tor and free collector comparator on a single monolithic 
chip. With only 40/lAsupply current, the LT1020can supply 
over 125mA of output current. Input voltage range is from 
4.5Vto 36V and dropout voltage is O.6Vat 125mA. Dropout 
voltage decreases with lower load currents. Also included 
on the chip is a class B output 2.5V reference that can ei- 
ther source or sink current. A dropout detector provides an 
output current to indicate when the regulator is about to 
drop out of regulation. 


The dual output comparator can be used as a comparator 
for system or battery monitoring. For example, the com· 
parator can be used to warn of low system voltage while 
the dropout detector shuts down the system to prevent 
.,. 
abnormal operation. Frequency compensation of the com· 
..- 
parator for amplifier applications can be obtained by add- 
ing external output capacitance. Dual output or positive 
and negative regulators can also be made. 


The 2.5V reference will source or sink current. This allows 
it to be used as a supply splitter or auxiliary output. 


+"'I 


GNO 
FB 


11 


0.01 
0.1 
0.1 
1 
10 
100 
1000 
OUTPUT CURRENT (mAl 


Input Voltage 
36V 
NPN Collector Voltage 
36V 
PNP Collector Voltage 
Supply - 36V 
Output Short Circuit Duration 
Indefinite 
Power Dissipation 
Internally Limited 
Operating Temperature Range 
O°Cto 100°C 
Storage Temperature Range 
- 65°C to 150°C 


ORDER 
PART NUMBER 


ELECTRICAL CHARACTERISTICS Tj=2SoC 


PARAMETER 
I 
CONDITIONS 
I 
MIN 


Reference 


Reference Voltage 
4.5V:sV1N:s3SV 
2.4S 
2.50 
2.54 
V 


Line Regulation 
4.5V:sV1N:s3SV 
0.01 
0.015 
%N 


Load Regulation 
-0.5mA<IREF<lmA, 
V1N= 12V 
0.2 
0.3 
% 


Output Source Current 
V1N=5V 
1 
4 
mA 


Output Sink Current 
V1N=5V 
0.5 
2 
mA 


Temperature Stability 
1 
% 


Supply Current 
V1N=SV, IOUT:sl00~A 
45 
80 
~A 
V1N= 3SV, IOUT:S100 ~A 
75 
120 
~A 
V1N= 12V, lOUT= 125mA 
11 
20 
mA 
V1N:s36V Shutdown 
50 
~A 


Output Current 
(V1N- VOUT»W, V1N>SV 
125 
mA 


Load Regulation 
(V1N- VOUT)"W, VIN"SV 
0.2 
0.5 
% 


Line Regulation 
SV<V1N<3SV 
0.01 
0.015 
%N 


Dropout Voltage 
lOUT= l00~A 
0.02 
0.05 
V 


IOUT=125mA 
0.4 
0.S5 
V 


Feedback Sense Voltage 
V1N= 12V 
2.44 
2.5 
2.56 
V 


Dropout Detector Current 
t>VOUT=-0.05V 
3 
20 
~ 


Feedback Bias Current 
15 
40 
nA 


Minimum Load Current 
V1N=3SV 
1 
5 
~ 


Short Circuit Current 
V1N=3SV 
250 
3S0 
mA 
Pin 11 and Pin 12 shorted, V1N= 4.5V 
3 
30 
mA 


Offset Voltage 
OV:sVcM:s35V, V1N=3SV 
3 
7 
mV 


Bias Current 
OV:sVcM<35V, V1N=3SV 
15 
40 
nA 


Offset Current 
OV:sVcM:s35V, V1N=3SV 
4 
15 
nA 


Gain·NPN Pulldown 
t>VOUT=29V, RL =20k 
2000 
1סס oo 
VN 


Common Mode Rejection 
OV:sVcM:s35V, V1N=3SV 
80 
94 
dB 


ELECTRICAL CHARACTERISTICS 
Tj=25°C 


PARAMETER 
I 
CONDITIONS 
MIN 


Comparator 


Power Supply Rejection 
4.5V:sVs:s36V 
80 
96 
dB 


Output Sink Current 
V1N=4.5V 
10 
18 
mA 


NPN Saturation Voltage 
IOUT=1mA 
0.4 
0.6 
V 


Output Source Current 
60 
200 
~A 


Input Voltage Range 
0 
V1N-1 
V 


Response Time 
5 
~s 


Leakage Current (NPN) 
2 
pA 


ELECTRICAL CHARACTERISTICS 


PARAMETER 
1__ 
C_ON_D_~T_IO_N_S 
~ 
__ 
M_IN__ 
~_T_Yp 
__ 
~ 
__ 
M_AX 
U_N_ITS 


Reference 


Reference Voltage 
4.5V:sV1N:s36V 
• 
2.40 
2.50 
2.55 
V 


Line Regulation 
4.5V:sV1N:s36V 
• 
0.01 
0.02 
%N 


Load Regulation 
- 0.5mA:sIREF:s1mA, 
V1N= 12V 
• 
0.3 
0.4 
% 


Output Source Current 
V1N=5V 
• 
1 
mA 


Output Sink Current 
V1N=5V 
• 
0.5 
mA• 


Supply Current 
V1N= 6V, IOUT:S100~A 
• 
65 
95 
~A 
V1N=36V, IOUT:s100~A 
• 
85 
120 
~A 
V1N= 12V, lOUT= 125mA 
• 
11 
20 
mA 


Output Current 
(V1N- VOUT)21V,V1N26V 
• 
125 
mA 


Load Regulation 
(VIN-VOUT)21V, V1N26V 
• 
1 
% 


Line Regulation 
6V:sV1N:s36V 
• 
0.02 
%N 


Dropout Voltage 
IOUT=100~A 
• 
0.06 
V 


IOUT=125mA 
• 
0.85 
V 


Feedback Sense Voltage 
V1N= 12V 
• 
2.38 
2.5 
2.57 
V 


Dropout Detector Current 
AVoUT= -0.05V 
• 
3 
~A 


Feedback Bias Current 
• 
50 
nA 


Minimum Load Current 
V1N=36V 
• 
50 
~A 


Short Circuit Current 
V1N=36V 
• 
240 
360 
mA 
Pin 11and Pin 12 shorted, V1N=4.5V 
• 
2.5 
30 
mA 


Offset Voltage 
OV:s =VcM:s35V, V1N=36V 
• 
10 
mV 


Bias Current 
OV:sVcM:s35V, V1N= 36V (Note 1) 
• 
15 
60 
nA 


Offset Current 
OV:sVcM:s35V, V1N=36V 
• 
20 
nA 


Gain·NPN Pulldown 
AVOUT= 29V, RL = 20k 
• 
1000 
VN 


Common Mode Rejection 
OV:sVcM:s35V, V1N=36V 
• 
80 
dB 


Power Supply Rejection 
4.5V:sVs:s36V 
• 
80 
dB 


Output Sink Current 
V1N=4.5V 
• 
5 
10 
mA 


Output Source Current 
• 
40 
120 
~A 


Input Voltage Range 
• 
0 
V1N-1 
V 


Leakage Current (NPN) 
V1N= 36V 
• 
8 
~A 


The. 
denotes the specifications 
which apply over full operating tempera· 
ture range. 


Pins 1,8,9, 16-No 
internal connection. 
Pin 2-RegulatorOutput. 
Main output, requires 10/LFout- 
put capacitor. Can be shorted to VINor ground without 
damaging device. 


Pin 3-lnput Supply.Bypass with 10/LFcap. Must always 
be more positive than ground. 
Pin 4-Reference. 2.5V can source or sink current. May be 
shorted to ground or up to 5V. Voltages in excess of 5V 
can damage the device. 
Pin 5-Comparator PNPOutput. Pull up current source for 
the comparator. May be connected to any voltage from VIN 
to 36V more negative than VIN(operates below ground). 
Short circuit protected. For example, if VINis 6V then pin 5 
will operate to - 30V. 
Pin 6-Comparator NPN Output. May be connected to any 
voltage from ground to 36V more positive than ground 
(operates above VIN).Short circuit protected. 


Pins 7, 10-Comparator Inputs.Operates from ground to 
VIN-1V. Comparator inputs will withstand 36V even with 
VINofOV. 
Pin 11-Ground. 


Pin 12-Current Limit.Connecting this pin to ground de- 
creases the regulator current limit to 3mA min. Leave open 
when not used. 


Pin 13-Feedback. This is the feedback point of the reg- 
ulator. When operating, it is nominally at 2.5V. Optimum 
source resistance is 200k to 500k. The feedback pin should 
not be driven below ground or more positive than 5V. 


Pin 14-Shutdown. Logic high turns the regulator output 
off. Shutdown threshold is 1.4Vand impedance is 65kO. 


Pin 15-Dropout Detector.This pin acts like a current 
source from VINwhich turns on when the output transistor 
goes into saturation. The magnitude of the current 
depends on the magnitude of the output current and the 
input-output voltage differential.Pin current ranges from 
5/LAto about 300/LA. 


• 
Guaranteed 1% Initial Voltage Tolerance 
• 
Guaranteed 0.015%/V Line Regulation 
• 
Guaranteed 0.02%/W Thermal Regulation 
• 
100% Burn-in in Thermal Limit 


• Adjustable Power Supplies 
• System Power Supplies 
• 
Precision Voltage/Current Regulators 
• On-Card Regulators 


LT1033 
3A. Negative Adjustable 
Regulator 


The LT1033 negative adjustable regulator will deliver 
up to 3 Amps output current over an output voltage 
range of -1.2V 
to -32V. 
Linear Technology has 
made significant 
improvements in these regulators 
compared to previous devices, such as better line and 
load regulation, and a maximum output voltage error 
of 1%. 


The LT1033 is easy to use and difficult to damage. In- 
ternal current and power limiting as well as true ther- 
mal limiting prevents device damage due to overloads 
or shorts, even if the regulator is not fastened to a heat 
sink. 


Maximum reliability is attained with Linear Technol- 
• 
ogy's advanced processing techniques combined with 
a 100% burn-in in the thermal limit mode. This as- 
sures that all device protection circuits are working 
and eliminates field failures experienced with other 
regulators 
that 
receive 
only 
standard 
electrical 
testing. 
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INPUT·OUTPUT DIFFERENTIAL (VI 


LT1033 


ABSOLUTE mAXimum 
RATinGS 


Power Dissipation 
Internally Limited 


Input to Output Voltage Differential . . . . . . . . .. 
35V 
Operating Junction Temperature Range 
LT1033M 
-55°C 
to 150°C 
LT1033C 
O°C to 125°C 


Storage Temperature Range 
LT1033M 
-65°C 
to 150°C 
LT1033C 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 


PREconDITiOninG 
100% THERMAL LIMIT BURN-IN 
PACKAGE/ORDER InFORmATion 


LT1033MK 
LT1033CK 


ELECTRICALCHARACTERISTICS(See note 1) 


LT1033M 
LT1033C 


SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VREF 
Reference 
Voltage 
IV'N-VOUTI 
~ 
5V, louT ~ 
5mA, 


Tj 
~ 
25°C 
- 
1.238 
- 
1.250 
- 
1.262 
- 
1.238 
- 
1.250 
- 
1.262 
V 


3V ,.IV'N 
- 
vouTI ,.35V 
5mA 
,. 
lOUT" 
IMAx, P ,. 
PMAX 
• 


- 
1.215 
- 
1.250 
- 
1.285 
- 
1.200 
-1.250 
- 
1.300 
V 


aVOUT 
Load Regulation 
10mA 
,. 
lOUT" 
IMAx, (See Note 2) 


a10uT 
Tj 
~ 
25°C, IVour!,. 
5V 
10 
50 
10 
50 
mV 


Tj = 25°C, IVOUTI;;> 5V 
0.2 
1.0 
0.2 
1.0 
% 


IVOUTI ,. 
5V 
• 
20 
75 
20 
75 
mV 


IVOUTI ;;> 5V 
• 


0.4 
1.5 
0.4 
1.5 
% 


aVOUT 
Line Regulation 
3V ,.1V'N- VOUTI,. 35V, (See 


aV'N 
Note 2) 


Tj 
~ 
25°C 
0.005 
0.015 
0.01 
0.02 
%N 
• 
0.01 
0.04 
0.02 
0.05 
%/V 


Ripple 
Rejection 
VOUT~ 
-10V, 
f ~ 
120Hz 


CAOJ~ 
0 
56 
66 
60 
dB 


CAOJ~ 
10ltF 
70 
80 
66 
77 
dB 


Thermal 
Regulation 
T ~ 25°C, 
10msec 
Pulse 
0.002 
0.02 
0.002 
0.02 
%/W 


IAOJ 
Adjust 
Pin Current 
• 
65 
100 
65 
100 
itA 


~IAOJ 
Adjust 
Pin Current 
Change 
10mA 
,. 
lOUT" 
IMAx 
• 
0.2 
2 
0.5 
2 
itA 


3V ,.IV'N-VouTI,. 
35V 
• 


1.0 
5 
2 
5 
itA 


Minimum 
Load Current 
IV'N- VOUTI ,. 
35V 
2.5 
5.0 
2.5 
5.0 
mA 


IV'N- VOUTI ,. 
10V 
1.2 
30 
1.2 
3.0 
mA 


Isc 
Current 
limit 
IV'N - VOUTI" 10V, (See Note 2) 
3 
4.3 
6 
3 
4.3 
6 
A 
V'N-VOUT 
~ 
35V, 


T ~ 25°C 
0.5 
1.3 
2.5 
.5 
1.3 
2.5 
A 


.:lVouT 
Temperature 
Stability 
of Output 


aTemp 
Voltage 
TM'N" 
T,. 
TMAX 
• 


0.6 
1.5 
0.6 
1.5 
% 


aVOUT 
Long Term Stability 
TA ~ 
125°C, 
1000 Hours 
0.3 
1.0 
0.3 
1.0 
% 
aTime 


en 
RMS Output 
Noise 
TA ~ 
25°C, 
10Hz,. 
f ,. 
10kHz 
0.003 
0.003 
% 


(% of VOUT) 


0JC 
Thermal 
Resistance 
T Package 
4 
°C/W 


Junction 
to Case 
K Package 
1.2 
2.0 
1.2 
2.0 
°C/W 


The. 
denotes the specifications 
which apply over the full operating 


temperature 
range. Otherwise Ti = 25°C. 


Note 1: Unless otherwise 
indicated, 
these specifications 
apply: 


IV,N - 
VOUTI = 5V; and lOUT= 5mA. Power dissipation 
is internally 


limited. However, these specifications 
apply for power dissipation 
up 


to 30W. See guaranteed 
minimum output current curve. IMAX 
~ 
3A. 


Nole 2: Testing is done using a pulsed low duty cycle technique. See 
thermal regulation 
specifications 
for output changes due to heating 


effects. Load regulation 
is measured on the output pin at a point 1/8" 


below the base of the package. 
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• The lT1033 
has load regulation compensation 
which makes the typical unit read close 10 
zero. This band represents the typical 
produclioo 
spread. 
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Output Voltage: The output voltage is determined by 
two external resistors, Rj & R2(see Figure 1). The ex- 
act formula for the output voltage is: 


VOUT = VR,I 
( 
1 + :~) + IAOJ (R2) 


Where: VRef = ReferenceVoltage, IADJ = Adjustment 
Pin Current. In most applications, the second term is 
small enough to be ignored, typically about 0.5% of 
VOUT' In more critical applications, the exact formula 
should be used, with IADJ equal to 65~A. Solving for R2 
yields: 


R 
- 
VOUT 
- 
VR,I 
2- 


VR,I 
I 
- 
- 
AOJ 
R1 


Smaller values of Rj and R2will reduce the influence of 
IADJ on the output voltage, but the no-load current 
drain on the regulator will be increased. Typical values 
for Rj are between 100n and 300n, giving 12.5mA 
and 4.2mA no-load current respectively. There is an 
additional consideration in selecting Rj, the minimum 
load current specification of the regulator. The operat- 
ing current of the LT1033 flows from input to·output. If 
this current is not absorbed by the load, the output of 
the regulator will rise above the regulated value. The 
current drawn by Rj and R2is normally high enough to 


absorb the current, but care must be taken in no-load 
situations where Rj and R2 have high values. The 
maximum value for the operating current, which must 
be absorbed, is 5mA for the LT1033. If input-output 
voltage differential is less than 10V,the operating cur- 
rent that must be absorbed drops to 3mA. 


+ 
Cl 
R2 
lO~F 


_IADJ 


EXAMPLE: 


1. A precision 
10V 
regulator 
to supply up to 3 Amp load current. 


a. Select R1 = 100n 
to minimize effect of IADJ 


b. Calculate 
R2 = 
VOUT 
- 
VR" 
= 
10V 
- 
1.25V 
= 704n 


VR,I 
_ 
I 
1.25V 
- 
65 
A 
R-;- 
ADJ 
JOOn 
/.L 


Capacitorsand Protection Diodes:An output capacitor, 
C3, is required to provide proper frequency compen- 
sation of the regulator feedback loop. A 2jtF or larger 
solid tantalum capacitor is generally sufficient for this 
purpose if the 1MHz impedance of the capacitor is 1Q 
or less. High a capacitors, such as Mylar, are not rec- 
ommended because they tend to reduce the phase 
margin at light load currents. Aluminum electrolytic 
capacitors may also be used, but the minimum value 
should be 25jtF to ensure a low impedance at 1MHz. 
The output capacitor should be located within a few 
inches of the regulator to keep lead impedance to a 
minimum. The following caution should be noted: if 
the output voltage is greater than 6Vand an output ca- 
pacitor greater than 20jtF has beenused, it is possible 
to damage the regulator if the input voltage becomes 
shorted, due to the output capacitor discharging into 
the regulator. This can be prevented by using diode DI 
(see Figure 2) between the input and the output. 


The input capacitor, C2, is only required if the regula- 
tor is more than 4 inches from the raw supply filter 
capacitor. 


BypassingtheAdjustmentPin:The adjustment pin of the 
LT1033 may be bypassed with a capacitor to ground, 
C1, to reduce output ripple, noise, and impedance. 
These parameters scale directly with output voltage if 
the adjustment pin is not bypassed. A bypass capaci- 
tor reduces ripple, noise, and impedance to that of a 
1.25V regulator. In a 15V regulator for example, these 
parameters are improved by 15V11.25V 
= 12 to 1. 


This improvement holds only for those frequencies 
where the impedance of the bypass capacitor is less 
than R1. Ten microfarads is generally sufficient for 
60Hz power line applications 
where the ripple fre- 
quency is 120Hz, since Xc = 130Q. The capacitor 
should have a voltage rating at least as high as the 
output voltage of the regulator. Values larger than 
10jtF may be used, but if the output is larger than 25V, 
a diode, D2, should be added between the output and 
adjustment pins (see Figure 2). 


• 01 prolects the regulator from input shorts 10 
•• 
02 protecls 
the adjust pin of the regulator 
ground. It is required only when C3 is larger 
from output shorts jf C2 is larger than 1O~F 


than 20~F and Vour is larger than 6Y. 
andVOUTis larger than -2Sy' 


ProperConnectionof Divider Resistors:The LT1033 has 
a load regulation specification of 0.8% and is mea- 
sured at a point 1/8" from the bottom of the package. 
To prevent degradation of load regulation, the resis- 
tors which set output voltage, R1and R2, must be con- 
nected as shown in Figure 3. Note that the positive 
side of the load has a true force and sense (Kelvin) 
connection, but the negative side of the load does not.• 


Lead resistance here does nol 


/ 
afteclload 
regulation. 


"- 
lead resistance 
here degrades 


load regulation. Minimize 
the length of this lead. 


R1 should be connected directly to the output lead of 
the regulator, as close as possible to the specified 
point 1/8" from the case. R2 should be connected to 
the positive side of the load separately from the posi- 
tive (ground) connection to the raw supply. With this 
arrangement, load regulation is degraded only by the 
resistance between the regulator output pin and the 
load. If R1 is connected to the load, regulation will be 
degraded. 


The output stability, load regulation, line regulation, 
thermal regulation, temperature drift, long term drift, 
and noise, can be improved by a factor of 6.6 over the 
standard regulator configuration. This assumes a 
zener whose drift and noise is considerably better 
than the regulator itself. The LM329B has 20PPMI °C 
maximum drift and about 10 times lower noise than 
the regulator. 


In the application shown below, regulators #2 to "N" 
will track regulator # 1to within ±24mV initially, and 
to ±60mV over all load, line, and temperature condi- 
tions. If any regulator output is shorted to ground, all 
other outputs will drop to "" - 2V. Load regulation of 
regulators 2 to "N" will be improved by Vaul/1.25V 
compared to a standard regulator, so regulator #1 
should bethe one which has the lowest load current. 
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The following 
table allows convenient 
selection of 
program resistors from standard 
1% values. 
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FEATURES 


• Two Regulated Outputs 
+5Vat 
3A 
+5Vat 
75mA 
• 2% Output Voltage Tolerance 
• 66dB Ripple Rejection 
.0.7% 
Load Regulation 
• TIL and CMOS Compatible Logic Control 
.100% 
Thermal Burn-In on All Devices 


APPLICATions 


• Power Supply Sequencing 
• Remote On/ Off Power Control 
• Selective System Power during Emergency Power 
Operation 
• Memory Power Supply with Back-Up 


LT1035M/LT1035C 


Logic Controlled 
Regulator 


DESCRIPTion 


The LT1035 features two positive 5V regulators 
in the 
same package. The main regulator offers excellent per- 
formance while supplying load currents up to 3A, and the 
auxiliary 
regulator 
provides 
similar 
performance 
while 
supplying 
lighter loads of 75mA. The main regulator has 
the additional feature of being under the shutdown 
con- 
trol of a logic signal. When the enable pin is taken to a low 
logic level. the main regulator shuts down and its output 
voltage goes to near OV. During this command, 
the aux- 


iliary output is unaffected by the main regulator's 
condi- 


tion and continues to provide a 5V output. 


The main output 
has current 
and power limiting 
com- 
bined with thermal shutdown to make it virtually blowout 
proof. The auxiliary output is not affected by the thermal 
shutdown 
mechanism 
or the state of the main output, 


allowing it to be used as a back-up in case of overloads or 
shorts on the main supply. 


The logic input of the LT1035 (enable pin) has a 1.6V 
threshold 
and can be driven 
from a high source 
im- 
pedance. 
This 
allows 
it to be driven 
by most 
logic 
families, 
including 
TIL and CMOS. 


For a 1A version of the LT1035, please see the LT1005 
data sheet. For a 12V output voltage version. consult the 
factory. 
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LOGICL 


POWE~ 


DISSIPATION :-- 
LIMIT 
"-.. 
" 


:< 
;::- 2.5 
1E 
~ 
20 
B 
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~ 
1.5 


o 
o 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
INPUT VOLTAGE (V) 


.L7~ 
4-57 


Power Dissipation-Continuous 
24W 
Power Dissipation-Fault 
Conditions. 
.. 
Internally Limited 
Input Voltage (V IN) . . . . . . . . . . . . . . . . . . . . . . . . 20V 
Enable Voltage (VEN) 
20V 
Operating Junction 
Temperature 
LT1035 M . . . . . . . . . . . . . . . . . .. 
- 55 ° Cto 150 ° C 
LT1035C 
0°Ct0125°C 
Storage 
- 65°C to 150°C 
Lead Temperature 
(Soldering, 
10sec.) 
300°C 


ORDER PART 
NUMBER 


LT1035MK 
LT1035CK 


Vo_ 
V,N 


VEN_ 
.l1l_Aux 
L':': GNO 


5lEAO 
TO·220 


LT1035M 
LT1035C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vo 
Output Voltage 
Ti = 25°C 
4.9 
5.0 
5.1 
4.9 
5.0 
5.1 
V 


High 
7.7Vs V,NS 20V 
Pos 24W 
• 
4.8 
5.0 
5.2 
48 
5.0 
5.2 
V 
OmAs los3A 


Low 
7Vs V,NS 12.5V 
• 
0.1 
0.2 
0.1 
0.2 
V 
VIN= 20V 
• 
0.1 
0.3 
0.1 
0.3 
V 


liVo 
Load Regulation (Note 6) 
8Vs V,NS 12.5V 
ATQ 
Os los 3A (Note 2) • 
10 
35 
10 
35 
mV 


liVo 
Line Regulation 
7.4Vs V,NS 20V 
0.3 
2 
0.3 
2 
mV/V 


liV,N 
(Note 2) 


Ripple Rejection 
50Hzs Is 500Hz 
60 
70 
60 
70 
dB 


Thermal Regulation 
liPo = 20W (Note 4) 
0.003 
0.012 
0.003 
0.012 
%/W 


10 
Available Load Current (Note 6) 
8Vs V,NS 12.5V 
• 
3 
4 
3 
4 
A 
V,N= 20V 
• 
1.6 
2.4 
1.6 
2.4 
A 


Isc 
Short Circuit Current 
V,N=8V 
4 
6 
4 
6 
A 
V,N= 20V 
2.5 
4 
2.5 
4 
A 


V,N 
Minimum Input Voltage to 
(Note 5) 


Maintain RegUlation 
10=lA 
• 
7.2 
6.7 
7.2 
6.7 
V 
10=3A 
• 
7.7 
7.2 
7.7 
7.2 
V 
10 
Quiescent Current 
Output High 
3 
5 
3 
5 
mA 
Output Low 
2 
4 
2 
4 
mA 


SjC 
Thermal Resistance, 
TO-3 
1.5 
2.5 
1.5 
2.5 
°C/W 
Junction to Case 
TO-220 
2 
3 
°C/W 


LTlO35M 
LTlO35C 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vo 
Output Voltage 
Ti=25°C 
4.9 
5.0 
5.1 
4.9 
5.0 
5.1 
V 


7.2V"" V1N""20V 
OmA"" 10"" 75mA 
• 
4.8 
5.0 
5.2 
4.8 
5.0 
5.2 
V 


/:1Vo 
Load Regulation 
7.2V"" V1N""20V 


L\iQ 
OmA"" 10"" 75mA 
• 
5 
15 
5 
15 
mV 


(Note 2) 


/:1Vo 
Line Regulation 
7.2V"" VIN"" 20V 
02 
1 
0.2 
1 
mV/V 
/:1V1N 
(Note 2) 
• 
2 
2 
mV/V 


Ripple Rejection 
50Hz"" t"" 500Hz 
74 
74 
dB 


Isc 
Short Circuit Current 
7.0V""V1N=20V 
140 
250 
140 
250 
mA 


V1N 
Minimum Input Voltage to 
(Note 5) 


Maintain Regulation 
10"" 10mA 
• 
6.5 
62 
6.5 
6.2 
V 


10= 75mA 
• 
7.2 
68 
7.2 
6.8 
V 


LTl035M 
LTl035C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VEN 
Enable Threshold Voltage 
7.0V"" V1N""20V 
Ti= 25°C 
1.45 
1.6 
1.7 
1.45 
1.6 
17 
V 
• 
1.3 
1.6 
1.8 
1.3 
1.6 
1.8 
V 
Enable Pin Current 
VEN"" 1V (Note 3) 
0 
1.5 
6 
0 
1.5 
6 
JJ.A 


VEN2:2.4V 
0 
1 
0 
1 
JJ.A• 


The. 
denotes the specifications which apply over the full operating 
temperature range. 


Note 1: Unless otherwise indicated, these specifications apply for 
V1N= 10V, 10= OmA, and Ti = 25°C. 


Note 2: Line and load regulation is measured using a low duty cycle 
pulse, causing little change in the junction temperature. Effects due to 
thermal gradients and device heating must be taken into account 
separately. 


Note 3: When the enable pin is at a low logic level, current flows out of 
the enable pin. 


Note 4: Pulse length for this measurement is 20ms. 


Note 5: Input voltage is reduced until output drops by 100mV from its 
initial value. 


Note 6: See "Guaranteed Load Current" graph. 
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General Information 


The LT1035 is a dual output 5V regulator. The main out- 
put is capable of delivering 
up to 3A of load current and 
can be shut down with a logic signal. The auxiliary output 
supplies 
a minimum 
of 75mA and is unaffected 
by the 
logic signal. 
The outputs 
are trimmed 
to ± 2% initial 
tolerance and exhibit excellent line and load regulation. 


The logic control feature 
makes the LT1035 ideal for 
many system applications where it is desirable to power- 
up a portion of the system for a period of time, and then 
power the system down during a standby operation. As 
an example, the LT1035 could be used to activate various 
memory 
space locations 
only as needed, thus saving 
substantial 
power dissipation 
and other cooling costs. 
The LT1035 could also be used to power microcomputers 
such as the 8048 series. The auxiliary 
supply 
can be 
used for RAM keep-alive during power-down 
operation. 


Additional 
power savings can be accomplished 
by using 
the 
LT1035 
to power 
PROM, EPROM, and 
E2PROM 
devices. 
During 
program 
load or look-up 
table opera- 
tions, the ROM type device can be activated and its con- 
tents placed in RAM, and then the ROM power can be 
removed. Or for high speed but low power data acquisi- 
tion systems, the power could be applied to fast memory, 
then the data transferred 
to CMOS memory. The main 
regulator can then be shut down and the CMOS memory 
can be powered by the auxiliary for lower power dissipa- 
tion. Other applications 
such as multiple 
power supply 
sequencing, 
elimination 
of expensive AC and DC power 
switches, 
delayed start applications, 
switching 
5V DC 
loads, and many others are now easily accomplished. 


Timing functions, 
such as delayed power-up 
or power- 
down, can also be performed directly at the enable pin. 


Because a logic low on the enable pin shuts down the 
main regulator, 
feedback from output to enable can be 
used to generate hysteresis or latching functions. 


The low quiescent current drain of the LT1035 makes it 
useful in battery-powered 
or battery 
back-up 
applica- 
tions. The enable pin can be used as a "low 
battery" 
detector or to shut down major portions of system power, 


allowing memory portions to continue to operate from the 
auxiliary output. At low output currents, the auxiliary out- 
put will regulate with input voltage typically 
as low as 
6.1V, giving maximum battery life. 


Good design practice with all regulators is to bypass the 
input and output terminals. A 2",F solid tantalum at the in- 
put and at both outputs is suggested. 
For the applications 
which 
follow, 
the 
bypass 
capacitors 
are still 
recom- 
mended, but for simplicity are not shown on the diagram. 
It is also recommended that for maximum noise immunity 
the voltage enable pin be tied high if it is unused. It can be 
tied directly to VIN, as shown in Figure 1, or to the aux- 
iliary output. If the enable pin is left open, it will float to a 
high logic level of approximately 
1.6V and the main out- 
put regulator will be at 5V. 


The enable pin is fully protected against input voltages up 
to 20V, even if the power input voltage is zero. 


The basic shutdown 
control circuit 
uses a direct gate 
drive or an open collector driver and a pull-up 
resistor 
which are tied to VAUX, as shown in Figure 2. 
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Driving the Enable Pin 


The enable pin equivalent schematic is shown in Figure 3. 
Basically, enable pin current is zero above the threshold 
and about 1.5pA below the threshold, 
flowing out of the 
pin. Standard logic, such as TIL and CMOS, will inter- 
face directly to the enable pin, even if the logic output 
swing 
is higher 
than the input 
voltage 
(V IN) to the 
regulator. 15V CMOS can be used to drive the enable pin, 
even if the regulator is not powered up, without loading 
the CMOS output. 


.w-}~.,,, 


Figure 3 


Timing functions, 
such as delayed power-up 
or power- 
down, can be implemented by driving the enable pin with 
an RC network. The current flowing out of the enable pin 
should 
not be used as the timing 
current 
in delayed 
power-up applications 
as it is temperature 
sensitive and 
varies somewhat 
from device to device. 
Instead, a re- 
sistor tied to the auxiliary output, the input, or to a logic 
signal should be used. The timing resistor chosen should 
provide at least 25pA of current to "swamp 
out" the ef- 
fects of the internal current. 


Main Output Current/Voltage 
Characteristics 


Following a high to low transition 
at the enable pin, the 
main regulator output will begin to drop after a delay of 
approximately 
OAp.s. With no capacitive load, the output 
will fall to zero in approximately 
0.8jls (R L= 20-1000). 


With a capacitive load, fall time is limited by the RC prod- 
uct of the load and the output capacitance. 
For light loads 
(R L> 4000), 
the discharge time is controlled by an inter- 
nal current pull-down 
of 15mA for output voltages down 
to 1.5V. 
Below 
1.5V, the pull-down 
current 
drops to 
"" 4mA. The DC output voltage in the shutdown 
mode is 
approximately 
0.07V for input voltages (V IN) up to 12V. If 
VIN is 20V, the output during shutdown will be approx- 
imately 
0.15V 
due to an internal 
current 
path in the 
regulator. 
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OUTPUT VOLTAGE(V) 


The user should note that the output in the low state can 
only sink about 3mA. If current is forced into the output, 
the output voltage will rise to 1Vat 5mA and about 1.5V at 
10mA. With no output capacitor, the rise time of the main 
output is about 3p.s. With an output capacitor, rise time is 
limited by the short circuit current of the LT1035 and the 
load 
capacitance; 
t r"" (C) 
(5V) /4A. 
A 
10jlF 
output 
capacitor slows the output rise time to approximately 12p.s. 


Output Current 


The main output 
current 
limits at about 4A for input 
voltages 
below 
12.5V. 
Internal 
foldback, 
or "power 
limiting", 
circuitry 
detects the input-output 
voltage dif- 
ferential 
and reduces current 
limit for input to output 
voltages exceeding 7.5V. With 20V input, for instance, 
short circuit current is reduced to "" 2AA. 


An additional feature of the LT1035 is that the auxiliary 
su pply does not incorporate, 
nor is it affected by, thermal 
shutdown. 
Any fault condition of the main regulator will 
not affect the auxiliary output voltage. 


The following 
applications 
circuits 
will serve to indicate 
the versatility 
of the LT1035. 
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THIS CIRCUIT IS DESIGNED TO REDUCE POWER DISSIPATION 
IN THE LT1D35 OVER A 9OVAC-140VAC 
INPUT RANGE. 
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FEATURES 


• Two Regulated Outputs 
t 12Vat 3A 
t5Vat75mA 
• 2% Output Voltage Tolerance 
• 60dB Ripple Rejection 
• 0.7% Load Regulation 
• TIL and CMOS Compatible Logic Control 
• 100% Thermal Burn-In on All Devices 


APPLICATions 


• 
Power Supply Sequencing 
• 
Remote On/Off Power Control 
• Selective System Power during Emergency Power 
Operation 
• 
Power Supply with Back-Up 


LT1036M/LT1036C 


Logic Controlled 
Regulator 


DESCRIPTiOn 


The LT1036 features two positive regulators in the same 
package. The 12V main regulator offers excellent per· 
formance while supplying load currents up to 3A, and the 
5V auxiliary regulator provides similar performance while 
supplying lighter loads of 75mA. The main regulator has 
the additional feature of being under the shutdown control 
of a logic signal. When the enable pin is taken to a low 
logic level, the main regulator shuts down and its output 
voltage goes to near OV.During this command, the auxil- 
iary output is unaffected by the main regulator's condition 
and continues to provide a 5Voutput. 


The main output has current and power limiting combined 
with thermal shutdown to make it virtually blowout proof. 
The auxiliary output is not affected by the thermal shut- 
down mechanism or the state of the main output, allowing 
4 


it to be used as a back-up in case of overloads or shorts on 
the main supply. 


The logic input of the LT1036 (enable pin) has a 1.6V 
threshold and can be driven from a high source impe- 
dance. This allows it to be driven by most logic families, 
including TIL and CMOS. 


For a dual 5V version of the LT1036,please see the LT1035 
data sheet. 
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Power Dissipation-Continuous 
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24W 
Power Dissipation-Fault 
Conditions .. Internally Limited 
Input Voltage (VIN) 
30V 
Enable Voltage (VEN) 
30V 
Operating Junction Temperature 
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-55°Cto 
150°C 
LT1036C 
O°Cto 125°C 
Storage 
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Lead Temperature (Soldering, 10 sec.) 
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ORDERPART 
NUMBER 
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LT1036CK 


Vo_ 
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5 LEAD TO-220 


SYMBOL 
PARAMETER 
CONDITIONS 
LT1036M/C 
UNITS 
MIN 
TYP 
MAX 


Vo 
Output Voltage 
Tj=25°C 
11.76 
12 
12.24 
V 


High 
15V",VIN",30V 
• 
11.52 
12.48 
V 
lour< IMAX (Note 6) 


Low 
7V",V,N",30V 
• 
0.1 
0.3 
V 


aVo 
Load Regulation (Note 6) 
VIN= 16V 


~ 
0", 10'" 3A (Note 2) 
• 
10 
80 
mV 


aVo 
Line Regulation 
15V ",V1N ",30V 
1 
4 
mVN 


,WIN 
(Note 2) 


Ripple Rejection 
5OHz",t",SOOHz 
50 
60 
dB 
(Note 8) 


Thermal Regulation 
aPo = 20W (Note 4) 
0.003 
0.012 
'/,N-I 


10 
Available Load Current (Note 6) 
15V ",VIN ",20V 
• 
3 
4 
A 
V1N=25V 
• 
2 
2.7 
A 


Isc 
Short Circuit Current 
V1N= 15V 
2.3 
4 
A 
V1N=25V 
1 
2 
A 


V1N 
Input Voltage to Maintain 
(Note 5) 


Regulation (Dropout Voltage) 
10=1A 
• 
13_8 
14.5 
V 
10=3A 
• 
14.4 
15 
V 


10 
Quiescent Current 
Output High 
4 
5.5 
mA 
Output Low 
3 
4.5 
mA 


8jc 
Thermal Resistance, 
TO-3 
1.5 
2.5 
°CN-I 
Junction to Case 
TO-220 
2 
3 
°CN-I 


SYMBOL 
PARAMETER 
CONDITIONS 
lT1036MfC 
UNITS 
MIN 
TYP 
MAX 


Vo 
Output Voltage 
Ti= 25°C 
4.9 
5.0 
5.1 
V 


7.2V"V1N,,30V 
OmA"lo,,75mA 
• 
4.8 
50 
5.2 
V 


AVo 
load Regulation 
7.2V"V1N,,30V 


Alo 
OmA"10,, 75mA 
• 
5 
15 
mV 
(Note 2) 


AVo 
line Regulation 
7.2V"V1N,,30V 
0.2 
1 
mVIV 


AV1N 
(Note 2) 
• 
2 
mVIV 


Ripple Rejection 
50Hz" f" 500Hz 
74 
dB 


Isc 
Short Circuit Current (Note 7) 
7.0V" V1N= 30V 
140 
250 
mA 


V1N 
Input Voltage to Maintain 
(Note 5) 


Regulation (Dropout Voltage) 
10,,10mA 
• 
6.2 
6.5 
V 
10= 75mA 
• 
6.8 
7.2 
V 


SYMBOL 
PARAMETER 
CONDITIONS 
lT1036M/C 
UNITS 
MIN 
TYP 
MAX 


VEN 
Enable Threshold Voltage 
7.0V"VIN,,30V 
Tj=25°C 
1.45 
1.6 
1.7 
V 
• 


1.3 
1.6 
1.8 
V 


Enable Pin Current 
VEN,,1V (Note 3) 
• 
0 
1.5 
12 
~A 
VEN,,2.4V 
• 
0 
6 
~A 


The. 
denotes the specifications which apply over the full operating tem- 
perature range. 


Note 1: Unless otherwise indicated, these specifications apply for 
V1N= 15V, 10=OmA,and Ti = 25°C. 


Note 2: line and load regulation is measured using a low duty cycle pulse, 
causing little change in the junction temperature. Effects due to thermal 
gradients and device heating must be taken into account separately. 


Note 3: When the enable pin is at a low logic level, current flows out of the 
enable pin. 


Note 4: Pulse length for this measurement is 20ms. 


Note 5: Input voltage is reduced until output drops by 100mV from its initial 
value. 


Note 6: See"Guaranteed load Current" graph. 


Note 7: Continuous shorts on the auxiliary output are not allowed unless 
adequate heat sinking is used to maintain junction temperature below 
150°C. 


Note 8: Guaranteed but not tested. 
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General Information 


The LT1036is a dual output regulator. The main 12V out· 
put is capable of delivering up to 3A of load current and 
can be shut down with a logic signal. The auxiliary 5V out· 
put supplies a minimum of 75mA and is unaffected by the 
logic signal. The outputs are trimmed to ±2% initial toler· 
ance and exhibit excellent line and load regulation. 


The logic control feature makes the LT1036ideal for many 
system applications where it is desirable to power-up a 
portion of the system for a period of time, and then power 
the system down during a standby operation. Applications 
such as multiple power supply sequencing, elimination of 
expensive AC and DC power switches, delayed start ap- 
plications, switching 12V DC loads, and many others are 
now easily accomplished. 


Timing functions, such as delayed power·up or power· 
down, can also be performed directly at the enable pin. 


Because a logic low on the enable pin shuts down the 
main regulator, feedback from output to enable can be 
used to generate hysteresis or latching functions. 


The low quiescent current drain of the LT1036 makes it 
useful in battery-powered or battery back-up applications. 
The enable pin can be used as a "low battery" detector or 
to shut down major portions of system power, allowing 
memory portions to continue to operate from the auxiliary 
output. At low output currents, the auxiliary output will 
regulate with input voltage typically as low as 6.2V,giving 
maximum battery life. 


Good design practice with all regulators is to bypass the 
input and output terminals. A 2JtFsolid tantalum at the in- 
put and at both outputs is suggested. For the applications 
which follow, the bypass capacitors 
are still 
recom- 
mended, but for simplicity are not shown on the diagram. 
It is also recommended that for maximum noise immunity 
the voltage enable pin be tied high if it is unused. It can be 
tied directly to VIN,as shown in Figure 1,or to the auxiliary 
output. If the enable pin is left open, it will float to a high 
logic level of approximately 1.6V and the main output 
regulator will be at 12V. 


The enable pin is fully protected against input voltages up 
to 30V,even if the power input voltage is zero. 


The basic shutdown control circuit uses a direct gate drive 
or an open collector driver and a pull-up resistor which are 
tied to VAUX,as shown in Figure 2. 


Driving the Enable Pin 


The enable pin equivalent schematic is shown in Figure 3. 
Basically, enable pin current is zero above the threshold 
and about 1.5JtA below the threshold, flowing out of the 
pin. Standard logic, such as TIL and CMOS,will interface 
directly to the enable pin, even if the logic output swing is 
higher than the input voltage (VIN)to the regulator. 15V 
CMOS can be used to drive the enable pin, even if the 
regulator is not powered up, without loading the CMOS 
output. 


~ 


70"A 


+lV 


.". 
ENABLE 


Figure 3 


Timing functions, such as delayed power-up or power· 
down, can be implemented by driving the enable pin with 
an RC network. The current flowing out of the enable pin 
should not be used as the timing current in delayed 
power·up applications as it is temperature sensitive and 
varies somewhat from device to device. Instead, a resistor 
tied to the auxiliary output, the input, or to a logic signal 


APPLICATions 
InFoRmATion 


should be used. The timing resistor chosen should provide 
at least 25p.Aof current to "swamp 
out" the effects of the 
internal current. 


Main Output CurrentNoltage 
Characteristics 


Following 
a high to low transition 
at the enable pin, the 
main regulator output will begin to drop after a delay of ap· 
proximately 
O.4p.s.With no capacitive 
load, the output will 
fall to zero in approximately 
0.8p.s(RL= 40 to 1000). With a 
capacitive 
load, fall time is limited 
by the RC product 
of 
the 
load 
and the output 
capacitance. 
For light 
loads 
(RL>4000), the discharge 
time is controlled 
by an internal 
current 
pull·down 
of 15mA for output 
voltages 
down to 
1.5V. Below 1.5V, the pull·down 
current drops to z4mA. 


The DC output 
voltage in the shutdown 
mode is approxi- 
mately 
0.12V due 
to 
an internal 
current 
path 
in the 


regulator. (See Figure 4) 


The user should note that the output 
in the low state can 


only sink about 3mA. If current 
is forced into the output, 


the output voltage will rise to 1V at 5mA and about 1.5V at 
10mA. With no output capacitor, 
the rise time of the main 
output is about 12p.s.With an output capacitor, 
rise time is 
limited 
by the short circuit 
current of the LT1036 and the 
load capacitance. 
A 10p.Foutput capacitor 
slows the out· 
put rise time to approximately 
80p.s. 


Output Current 


The main output 
current limits at about 4A for input volt· 


ages below 20V.lnternal 
foldback, 
or "power limiting", 
cir- 


cuitry 
detects 
the input·output 
voltage 
differential 
and 
reduces current limit for input to output voltages 
exceed· 


ing 8V. With 25V input, for instance, short circuit current is 
reduced to zO.9A. 


An additional 
feature 
of the LT1036 is that the auxiliary 
supply does not incorporate, 
nor is it affected 
by, thermal 
shutdown. 
Any fault condition 
of the main regulator 
will 
not affect the auxiliary output voltage. 


The following 
applications 
circuits 
will serve to indicate 
the versatility 
of the LT1036. 
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(4495) 
2 PlACES 


• Guaranteed 
0.8% 
Initial Tolerance 
• Guaranteed 
0.4% 
Load Regulation 
• Guaranteed 
10 Amp Output Current 
.100% 
Thermal Limit Burn-in 
• 24 Amp Transient Output Current 
• Standard Adjustable Pinout 
• Operates to 35V 


• System Power Supplies 
• High Power Linear Regulator 
• Battery Chargers 
• Power Driver 
• Constant Current Regulator 


LT1038 


10Amp Positive Adjustable 
Voltage Regulator 


DESCRIPTion 


The LT1038 is a three terminal regulator which is capable 
of providing 
in excess of 10 amps output current over 
1.2V to 32V range. The device is packaged in a standard 
TO-3 power package, 
and is plug-in 
compatible 
with 
industry 
standard 
adjustable 
regulators, 
such as the 
LM 117 and LM 138. Also, the LT1038 is a functional re- 
placement for the LM396. 


In addition 
to excellent 
load and line regulations, 
the 
LT1 038 is fully protected by current limiting, 
safe area 
protection and thermal shutdown. 
New current limiting 
circuitry 
allows transient 
load currents 
up to 24 amps 
to be supplied for 500J.ts without 
causing the regulator 
to current 
limit and drop out of regulation 
during 
the 
transient. 


On-chip trimming 
of initial reference voltage to ±0.8% 
combined with 0.4% 
load regulation minimize errors in 
all high current 
applications. 
Further, 
the LT1038 
is 
manufactured with standard bipolar processing and has 
Linear Technology's high reliability. 
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Power Dissipation 
Internally Limited 
Input to Output Voltage Differential 
35V 
Operating Junction Temperature Range 
LT1038M 
Control Circuitry 
- 55°C to 150°C 
Power Transistor 
-55°Ct0200°C 


LT1038C 
Control Circuitry 
O°Cto 125°C 
Power Transistor 
O°Ct0175°C 
Storage Temperature. 
. . . . . . . . . . .. 
- 65°C to 150°C 
Lead Temperature (Soldering, 
10sec.) 
300°C 


LT1038MK 
LT1038CK 


K PACKAGE 
TO·3METALCAN 


(STEEL) 


LT1038M 
LT1038C 
SYMBOL 
PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VREF 
Reference 
Voltage 
louT=20mA, 
Tj=25°C 
1.24 
1.25 
1.26 
1.23 
1.25 
1.275 
V 


3V :s (V IN- VOUT) :S 35V 
• 
1.22 
1.25 
1.285 
1.22 
125 
1.285 
V 


20mA:s 
jOUT:S 1GA, P:s 75W 


<lVOUT 
Line Regulation 
3V:s 
(V IN- VOUT) :S 35V, 


~ 
lOUT= 20mA 
(See Note 2) 
TA = 25°C 
0.005 
0.01 
0.005 
0.02 
%/V 
• 
0.02 
0.03 
0.02 
0.03 
%/V 


<lVOUT 
Load Regulation 
20mA :S lOUT:S 1OA 


<lIOUT 
(See Note 2) 
TA=25°C 
3V :s(VIN 
- VOUT):S 35V 
0.1 
0.4 
0.1 
0.6 
% 
3V:s 
(VIN - VOUT):S 35V 
• 


0.3 
0.8 
0.3 
1 
% 


Thermal 
Regulation 
TA-25°C. 
20ms 
Pulse 
0.002 
0.005 
0.002 
0.01 
%/W 


Ripple 
Rejection 
VOUT= 10V, f = 120Hz 


CAOJ=O 
• 
60 
60 
dB 


CADJ=10!'F 
• 
60 
75 
60 
75 
dB 


IADJ 
Adjust 
Pin Current 
• 
50 
100 
50 
100 
~ 


<lIADJ 
Adjust 
Pin Current 
20mA:s 
IOUT:S 10A 
Change 
3V:s 
(VIN - VOUT) :s35V 
• 
0.2 
3 
02 
3 
~ 


Minimum 
Load 
(VIN-VOUT)-35V 
• 
7 
20 
7 
20 
mA 


Current 
(VIN-VoUT):s20V 
• 
10 
10 
mA 


Isc 
Current 
Limit 
(VIN - VOUT):S 10V 
DC 
• 
10 
14 
10 
14 
A 
Transient 
(0.5ms) 
14 
22 
14 
22 
A 


(VIN-VOUT)=30V, 
Tj=25°C 
1 
2 
1 
2 
A 


<lVOUT 
Temperature 
Stability 
• 
1 
2 
1 
% 


<lTemp 


LT1038M 
LT1038C 
SYM80L 
PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


<1.VOUT 
Long Term Stability 
TA = 12SoC, 
1000 
Hours 
0.3 
1 
0.3 
1 
% 


<1.Time 


en 
RMS 
Output 
Noise 
TA=2SoC, 
0.001 
0001 
% 


(% of VOUT) 
10Hz sf s 10kHz 


8JC 
Thermal 
Resistance 
Power 
Transistor 
• 
1 
1 
°C/W 
Junction 
to Case 
Control 
Circuitry 
O.S 
O.S 
°C/W 


Note 2: 
See thermal 
regulation 
specifications 
for changes 
in output 


voltage 
due to healing 
effects. 
Load and 
line regulation 
are measured 
at a 


constant 
junction 
temperature 
by low duty 
cycle 
pulse 
testing. 


The. 
denotes 
the specifications 
which 
apply 
over the full 
operating 


temperature 
range. 


Note 1: 
Unless 
otherwise 
specified, 
these 
specifications 
apply: 


V,N - 
VOUT= SV and 
lOUT= SA. These 
specifications 
are applicable 
for 


power 
dissipations 
up to 7SW. At input-output 
voltage 
differentials 


greater 
than 
10V, achievable 
output 
current 
and power 
dissipation 


decrease 
due to protection 
circuitry. 
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Line Transient 
Response 
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Load Transient 
Response 
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The LT1038 develops a 1.25V reference voltage between 
the output and the adjustment terminal (see Figure 1). By 
placing a resistor, 
R1, between these two terminals, 
a 
constant current is caused to flow through R1 and down 
through R2 to set the overall output voltage. Normally this 
current 
is the specified minimum 
load current of 10 or 
20mA. Because IADJ is very small and constant when 
compared with the current through 
R1, it represents a 
small error and can usually be ignored. 


Bypass Capacitors 


Input bypassing using a 1/LFtantalum or 25/LFelectrolytic 
is recommended when the input filter capacitors are more 
than 5 inches from the device. Improved ripple rejection 
(80dB) can be accomplished 
by adding a 1O/LFcapacitor 
from the adjust pin to ground. Increasing the size of the 
capacitor to 20/LF will help ripple rejection at low output 
voltage since the reactance of this capacitor should be 
small compared to the voltage setting resistor, R2. For im- 
proved AC transient response and to prevent the possibil- 


t 
VREF 
Rl 


ity of oscillation 
due to unknown 
reactive load, a 1/LF 
capacitor is also recommended at the output. Because of 
their low impedance at high frequencies, 
the best type of 
capacitor to use is solid tantalum. 


Protection 
Diodes 


The LT1038 does not require a protection diode from the 
adjustment 
terminal 
to the output 
(see Figure 2). Im- 
proved internal circuitry eliminates the need for this diode 
when the adjustment pin is bypassed with a capacitor to 
improve ripple rejection. 


If a very large output capacitor is used, such as a 100/LF 
shown in Figure 2, the regulator could be damaged or de- 
stroyed if the input is accidentally shorted to ground or 
crowbarred, 
due to the output capacitor discharging 
into 
the output terminal of the regulator. To prevent this, a 
diode, 01 as shown, is recommended to safely discharge 
the capacitor. 
• 


LT1038 


Load Regulation 


Because the LT1038 is a three-terminal 
device, it is not 
possible 
to provide 
true 
remote 
load sensing. 
Load 
regulation 
will be limited by the resistance 
of the wire 
connecting 
the regulator 
to the load. The data sheet 
specification for load regulation is measured at the bottom 
of the package. 
Negative side sensing 
can be a true 
Kelvin connection if the bottom of resistor R2 is returned 
to the negative side of the load. Although it may not be im- 
mediately Obvious, best load regulation is obtained when 
the top of the resistor divider, R1, is connected directly to 
the case, not to the load. This is illustrated 
in Figure 3. If 


R1 were connected to the load, the effective resistance 
between the regulator and the load would be 


Rpx 
(R2~R1) 
,Rp=ParasiticLineResistance. 


Connected as shown, 
Rp is hot multiplied 
by the divider 
ratio. Rp is about 0.0040 
per foot using 16 gauge wire. 


This translates to 4mV 1ft at 1A load current, 
so it is im- 
portant to keep the lead between the regulator and the 
load as short as possible, and use large wire or PC board 
traces. 
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T2-STANCOR 
112-2003 


GENERAL PURPOSE REGULATOR WITH SCR PREREGULATOR TO LOWER POWER 
DISSIPATION. ABOUT 4V DIFFERENTIAL 
IS MAINTAINED ACROSS THE LT1038 
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20k 
OUTPUT 
ADJUST 
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'::" 


16k' 
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-15V 


R1 
1210 
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IF DEVICE IS FAR FROM FILTER CAPACITORS 


tOPTIONAL 
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TRANSIENT 
RESPONSE 


ttVOUT=125V 
(1 +~) 


Temperature 
Compensated 
Lead Acid 
Battery Charger 


THERMALLY 
500 
COUPLEO 
....__J__ 


02 
• 


6.3V 


f 
0.325-0.350 
(8.255-8.890) 


~+ 


0.<20-0.490 1 
(10.67-12.45) 


0.116 
(2.946) 


MAX 
~ 


0168-0.178 
(4.267-4.521) 


ATYP 


2 MOUNTING 
HOLES 
0.151-0.161 
(3.835-4.089) 
DIA 


0.490-0.510 
(12.45-12.95) 


R 


• Three Terminal Adjustable 
• Output Current of 3A, 5A or 7.5A 
• Operates Down to 1V Dropout 
• Guaranteed Dropout Voltage at Multiple Current Levels 
• 0.015% Line Regulation 
• 0.01% Load Regulation 
• 
100% Thermal Limit Burn-In 
• 
Fixed Versions Available 


• 
High Efficiency Linear Regulators 
• 
Post Regulators for Switching Supplies 
• Constant Current Regulators 
• 
Battery Chargers 


DEVICE 
OUTPUT CURRENT' 


LT1083 
7.5 Amps 
LT1084 
5.0 Amps 
LT1085 
3.0Amps 


LT1083/LT1084/LT1085 


7.5A, 5A, 3A Low Dropout 
Positive Adjustable 
Regulators 


The LT1083series of positive adjustable regulators are de- 
signed to provide 7.5A, 5A and 3A with higher efficiency 
than currently available devices. All internal circuitry is de- 
signed to operate down to 1V input to output differential 
and the dropout voltage is fully specified as a function of 
load current. Dropout is guaranteed at a maximum of 1.5V 
at maximum output current, decreasing at lower load cur- 
rents. On-chip trimming adjusts the reference voltage to 
1%. Current limit is also trimmed, minimizing the stress 
on both the regulator and power source circuitry under 
overload conditions. 


The LT1083/84/85 series devices are pin compatible with 
older 3 terminal regulators. A 10/LFoutput capacitor is reo 
quired on these new devices; however, this is usually in· 
eluded in most regulator designs. 


Unlike PNP regulators, where up to 10% of the output cur· 
rent is wasted as quiescent current, the LT1083quiescent 
current flows into the load, increasing efficiency. • 


+ 10.F- 
1-= 
TANTALUM 


3650 
1% 


Dropout Voltage vs 
Output Current 


...•.• 
-- 


Power Dissipation 
Internally 
Limited 
Input to Output Voltage Differential 


"M" Grades 
35V 


"C" Grades 
30V 
Operating 
Junction 
Temperature 
Range 


"M"Grades 
Control Section 
- 55°C to 150°C 
Power Transistor 
- 55°C to 200°C 


"C" Grades 
Control Section 
OOCto 125°C 
Power Transistor. 
O°C to 150°C 
Storage Temperature 
-65°Cto 
150°C 
Lead Temperature 
(Soldering, 
10 see) 
300°C 


PREconDITiOninG 
100% Thermal Limit Burn·ln 
FRONTVIEW 


~ 


VINo 
VOUT 


ADJ 


ORDER 


PART NUMBER 


LT1083MK 
LT1084CK 
LT1083CK 
LT1085MK 
LT1084MK 
LT1085CK 


LT1083CP 
LT1084CP 


LT1084CT 
LT1085CT 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Reference Voltage 
lOUT: 10mA, Tj:25°C, 
(VIN- VOUT): 3V (K Package Only) 
1.238 
1.250 
1.262 
V 
1OmA S lOUTS IFULllOAD 
1.5V<(V,N - VouT)<25V (Notes 3, 5) 
• 
1.225 
1.250 
1.270 
V 


Line Regulation 
ILOAD: 10mA, 1.5V S(VIN - VoUT)s15V, Tj:25°C 
0.015 
0.2 
% 
• 
0.035 
0.2 
% 


M Grade 
15V s(VIN - VouT)s35V 
• 
0.05 
0.5 
% 


CGrade 
15V S(V,N - VouT)s30V 
• 
0.05 
0.5 
% 


(Notes 1,2) 


Load Regulation 
(V1N- VOUT): 3V 
10mAs lOUTSIFULLlOAD 
Tj: 25°C (Notes 1,2, 3, 5) 
0.1 
0.3 
% 
• 
0.2 
0.4 
% 


Dropout Voltage 
6VREF: 1%, lOUT: IFULLlOAD,(Notes 4, 5) 
• 
1.3 
1.5 
V 


Current Limit 
LT1083 
(VIN- VOUT): 5V 
• 
8.0 
9.5 
A 
(VIN- VOUT): 25V 
• 
0.4 
1.0 
A 
LT1084 
(VIN- VOUT): 5V 
• 
5.5 
6.5 
A 
(VIN- VOUT): 25V 
• 
0.3 
0.6 
A 
LT1085 
(VIN- VOUT): 5V 
• 
3.2 
4 
A 
(VIN- VOUT): 25V 
• 
0.2 
0.5 
A 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Minimum Load Current 
(VIN- VOUT)= 25V 
• 
5 
10 
mA 


Thermal Regulation 
TA= 25°C, 30ms pulse 
LT1083 
0.002 
0.01 
%NV 
LT1084 
0.003 
0.015 
%NV 
LT10BS 
0.004 
0.02 
%NV 


Ripple Rejection 
f = 120Hz 
CADJ= 25~F, COUT=25~FTantalum 
lOUT= IFULllOAO'(VIN- VOUT)= 3V (Note 5) 
• 
60 
75 
dB 


Adjust Pin Current 
Tj=25°C 
55 
~ 
• 
120 
~A 


Adjust Pin Current Change 
1OmA,;IOUT,;IFUlllOAD 
1.5V';(VIN - VoUT),;25V (Note 5) 
• 
0.2 
5 
~ 
Temperature Stability 
• 
0.5 
% 


Long Term Stability 
TA= 125°C, 
1000 Hrs. 
0.3 
1 
% 


RMS Output Noise (%of VOUT) 
TA=25°C 
10Hz= ,;f,;10kHz 
0.003 
% 


Thermal Resistance 
Junction to Case 
LT1083 
K Package: Control Circuitry/Power 
Transistor 
0.6/1.6 
°CNV 
P Package: Control Circuitry/Power 
Transistor 
0.5/1.6 
°CNV 
LT1084 
K Package: Control Circuitry/Power 
Transistor 
0.75/2.3 
°CNV 
P Package: Control Circuitry/Power 
Transistor 
0.65/2.3 
°CNV 
T Package: Control Circuitry/Power 
Transistor 
0.65/2.7 
°CNV 
LT1OB5 
K Package: Control Circuitry/PowerTransistor 
0.9/3.0 
°CNV 
T Package: Control Circuitry/Power 
Transistor 
0.7/3.0 
°CNV 


The. 
denotes the specifications 
which apply over the fuil operating 
temperature 
range. 


Note 1: See thermal regulation specifications 
for changes in output volt· 
age due to heating effects. Load and line regulation are measured at a con· 
stant junction temperature by low duty cycle pulse testing. 


Note 2: Line and load regulation are guaranteed up to the maximum power 
dissipation 
(60W for the LT1083, 45W for the LT1084 (K, P),30W for the 


LT1084 (T) and 30W for the LT10BS).Power dissipation 
is determined by the 
inpuUoutput differential 
and the output current. Guaranteed maximum 
power dissipation 
wiil not be available over the fuil inpuUoutput voltage 
range. 
• 


Note 3: IFULllOADis defined in the current limit curves. The IFULLlOADcurve 
is defined as the minimum value of current limit as a function of input to 
output voltage. Note that the 60W power dissipation 
for the LT1083 (45W for 
the LT1084 (K, P),30W for the LT1084 (T),30W for the LT1085) is only achiev· 
able over a limited range of input to output.voltage. 


Note 4: Dropout voltage is specified over the fuil output current range of 
the device. Test points and limits are shown on the Dropout Voltage curve. 


Note 5: For LT10831FULllOADis 5A for - 55°C,;Ti< 
- 40°C and 7.5A for 
Tj2: -40°C. 


TYPICAL PERFORmAnCE 
CHARACTERISTICS 
LT1083 Dropout Voltage 
LT1083 Short Circuit Current 
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The LT1083family of three terminal adjustable regulators 
is easy to use and has all the protection features that are 
expected in high performance voltage regulators. They are 
short circuit protected, have safe area protection as well 
as thermal shutdown to turn off the regulator should the 
temperature exceed about 165°C. 


These regulators are pin compatible with older three 
terminal adjustable devices, offer lower dropout voltage 
and more precise reference tolerance. Further, the refer· 
ence stability with temperature is improved over older 
types of regulators. The only circuit difference between 
using the LT1083family and older regulators is that they 
require an output capacitor for stability. 


Stability 


The circuit design used in the LT1083family requires the 
use of an output capacitor as part of the device frequency 
compensation. For all operating conditions, the addition 
of 150~Faluminum electrolytic or a 22~Fsolid tantalum on 
the output will ensure stability. 
Normally, capacitors 
much smaller than this can be used with the LT1083.Many 
different types of capacitors with widely varying charac· 
teristics are available. These capacitors differ in capacitor 
tolerance (sometimes ranging up to ± 100%), equivalent 
series resistance, and capacitance temperature coeffi· 
cient. The 150flFor 22flFvalues given will ensure stability. 


When the adjustment 
terminal 
is bypassed to improve the 
ripple rejection, 
the requirement 
for an output 
capacitor 
increases. The values of 22/LFtantalum 
or 150/LFaluminum 
cover all cases 
of bypassing 
the adjustment 
terminal. 


Without 
bypassing 
the 
adjustment 
terminal, 
smaller 
capacitors 
can be used with equally good results and the 
table below shows approximately 
what size capacitors 
are 
needed to ensure stability. 


Recommended Capacitor Values 


Output 


1O~FTantalum, 50~FAluminum 
22~FTantalum, 150~FAluminum 


Normally, capacitor 
values on the order of 100/LFare used 
in the output of many regulators 
to ensure good transient 
response with heavy load current changes. Output capaci- 
tance can be increased without 
limit and larger values of 
output capacitor 
further improve stability 
and transient 
re- 
sponse of the LT1083 regulators. 


Another 
possible 
stability 
problem 
that 
can occur 
in 
monolithic 
IC regulators 
is current 
limit 
oscillations. 
These can occur because, in current 
limit, the safe area 
protection 
exhibits 
a negative impedance. 
The safe area 
protection 
decreases 
the current 
limit 
as the input-to- 


output voltage increases. That is the equivalent 
of having 
a negative resistance since increasing voltage causes cur- 
rent to decrease. Negative resistance 
during current limit 
is not unique to the LT1083 series and has been present on 
all power 
IC regulators. 
The value of the negative 
re- 
sistance 
is a function 
of how fast the current 
limit 
is 
folded 
back as input·to-output 
voltage 
increases. 
This 
negative resistance can react with capacitors 
or inductors 
on the input to cause oscillation 
during current 
limiting. 
Depending 
on the value of series resistance, 
the overall 
circuitry 
may end up unstable. Since this is a system prob- 
lem, it is not necessarily 
easy to solve; however it does not 
cause any problems with the IC regulator and can usually 
be ignored. 


Protection Diodes 


In normal operation, 
the LT1083 family does not need any 
protection 
diodes. 
Older adjustable 
regulators 
required 


protection 
diodes between the adjustment 
pin and the out· 
put and from the output to the input to prevent overstress- 
ing the die. The internal 
current 
paths 
on the LT1083 
adjustment 
pin are limited by internal resistors. Therefore, 


even with capacitors 
on the adjustment 
pin, no protection 
diode is needed to ensure device safety under short circuit 
conditions. 


Diodes between input and output are usually not needed. 
The internal diode between the input and the output pins 
of the LT1083 family can handle microsecond 
surge cur- 


rents of 50A to 100A. Even with large output capacitances, 
it is very difficult 
to get those values of surge currents 
in 
normal operations. 
Only with high value of output capaci- 
tors, such as 1000/LFto 5000/LF and with the input pin in- 
stantaneously 
shorted 
to ground, 
can damage occur. A 
crowbar 
circuit 
at the input of the LT1083 can generate 
those kinds of currents, and a diode from output to input is 
then recommended. 
Normal power supply cycling 
or even 
plugging 
and unplugging 
in the system will not generate 
current large enough to do any damage. 


The adjustment 
pin can be driven on a transient 
basis 
± 25V, with 
respect 
to the output 
without 
any device 
degradation. 
Of course, as with any IC regulator, 
exceed· 
ing the maximum 
input 
to output 
voltage 
differential 
causes the internal transistors 
to break down and none of 
the protection 
circuitry 
is functional. 


01 
1N4002 
(OPTIONAL) 


VOUT 


+ 
COUTI 150~F 


Overload Recovery 


Like any of the IC power regulators, 
the LT1083 has safe 
area protection. 
The safe area protection 
decreases 
the 
current 
limit 
as input-to-output 
voltage 
increases 
and 


keeps the power transistor inside a safe operating region 
for all values of input-to-output voltage. The LT1083protec- 
tion is designed to provide some output current at all val- 
ues of input-to-output voltage up to the device breakdown. 


When power is first turned on, as the input voltage rises, 
the output follows the input, allowing the regulator to start 
up into very heavy loads. During the start-up, as the input 
voltage is rising, the input-to-output voltage differential 
remains small, allowing the regulator to supply large out- 
put currents. With high input voltage, a problem can occur 
wherein removal of an output short will not allow the out- 
put voltage to recover. Older regulators, such as the 7800 
series, also exhibited this phenomenon, so it is not unique 
to the LT1083. 


The problem occurs with a heavy output load when the in- 
put voltage is high and the output voltage is low, such as 
immediately after a removal of a short. The load line for 
such a load may intersect the output current curve at two 
points. If this happens, there are two stable output operat- 
ing points for the regulator. With this double intersection, 
the power supply may need to be cycled down to zero and 
brought up again to make the output recover. 


Ripple Rejection 


The typical curves for ripple rejection reflect values for a 
bypassed adjustment pin. This curve will betrue for all val- 
ues of output voltage. For proper bypassing, and ripple 
rejection approaching the values shown, the impedance of 
the adjust pin capacitor, at the ripple frequency should 
equal the value of R1,(normally 1000-1200).The size of the 
required adjust pin capacitor is a function of the input rip· 
pie frequency. At 120Hzthe adjust pin capacitor should be 
13/LFif R1= 1000.At 10kHzonly 0.16/LFis needed. 


For circuits without an adjust pin bypass capacitor, the 
ripple rejection will be a function of output voltage. The 
output ripple will increase directly as a ratio of the output 
voltage to the reference voltage (VouTNREF). For example, 
with the output voltage equal to 5V, and no adjust pin 
capacitor, the output ripple will be higher by the ratio of 
5V/1.25V or 4 times larger. Ripple rejection will be de- 
graded by 12dBfrom the value shown on the typical curve. 


Output Voltage 


The LT1083develops a 1.25V reference voltage between 
the output and the adjust terminal (see Figure 1). By plac- 
ing a resistor, R1,between these two terminals, a constant 
current is caused to flow through R1and down through R2 
to set the overall output voltage. Normally this current is 
the specified minimum load current of 10mA. Because 
IADJis very small and constant when compared with the 
current through R1, it represents a small error and can 
usually be ignored. 


Load Regulation 


Because the LT1083is a three·terminal device, it is not 
possible to provide true remote load sensing. Load regula- 
tion will be limited by the resistance of the wire connect- 
ing the regulator to the load. The data sheet specification 
for load regulation is measured at the bottom of the pack- 
age. Negative side sensing is a true Kelvin connection, 
with the bottom of the output divider returned to the nega- 
tived side of the load. Although it may not be immediately 
obvious, best load regulation is obtained when the top of 
the resistor divider, (R1),is connected directly to the case 
not to the load. This is illustrated in Figure 2. If R1 were 
connected to the load, the effective resistance between 
the regulator and the load would be 


Rp x (R2 :1 R~, Rp= Parasitic Line Resistance. 


Connected as shown, Rp is not multiplied by the divider ra- 
tio. Rp is about 0.0040 per foot using 16 gauge wire. This 
translates to 4mV/ft at 1A load current, so it is important to 
keepthe positive lead between regulator and load as short 
as possible, and use large wire or PCboard traces. 


Thermal Considerations 


The LT1083series of regulators have internal power and 
thermal limiting circuitry designed to protect the device 
under overload conditions. For continuous normal load 
conditions however, maximum junction temperature rat· 
ings must not be exceeded. It is important to give careful 
consideration to all sources of thermal resistance from 
junction to ambient. This includes junction to case, case 
to heat sink interface, and heat sink resistance itself. New 
thermal resistance specifications have been developed to 
more accurately reflect device temperature and ensure 
safe operating temperatures. The data section for these 
new regulators provides a separate thermal resistance 
and maximum junction temperature for both the Control 
Section and the Power Transistor. Previous regulators, 
with a single junction to case thermal resistance speci· 
fication, used an average of the two values provided here 
and therefore could allow excessive junction tempera- 
tures under certain conditions 
of ambient temperature 
and heat sink resistance. To avoid this possibility, calcula· 
tions should be made for both sections to ensure that both 
thermal limits are met. 


Junction·to·case thermal resistance is specified from the 
IC junction to the bottom of the case directly below the 
die. This is the lowest resistance path for heat flow. Proper 
mounting is required to ensure the best possible thermal 
flow from this area of the package to the heat sink. Ther- 
mal compound 
at the case·to·heat·sink 
interface 
is 
strongly recommended. If the case of the device must be 
electrically isolated, a thermally conductive spacer can be 
used, as long as its added contribution 
to thermal reo 
sistance is considered. Note that the case of all devices in 
this series is electrically connected to the output. 


For example, using a LT1083CK(TO-3, Commercial) and 
assuming: 


VIN(max continuous) = 9V, VOUT= 5V, lOUT= 6A, 
TAMBIENT= 75°C, OHEATSINK= 1°CIW, 
0CASE.TO.HEAT.SINK 
= O.2°CIWfor K package with 
• 
thermal compound. 


Power dissipation under these conditions is equal to: 


Po= (VIN- VOUT)(loUT)= 24W 


Junction temperature will be equal to: 


Tj= TAMBIENT+ Po(OHEAT·SINK 
+ 
OCASE·TQ·HEAT·SINK 
+Ojcl 


For the Control Section: 


Tj= 75°C +24W(1°CIW + O.2°CIW+O.6°CIW)= 118°C 
118°C< 125°C= Tjmax (Control Section 
Commercial Range) 


For the Power Transistor: 


Tj= 75°C +24W(1°CIW + O.2°CIW+ 1.6°CIW)= 142°C 
142°C< 150°C= Tjmax (Power Transistor 
Commercial Range) 


In both cases the junction temperature is below the maxi· 
mum rating for the respective sections, ensuring reliable 
operation. 
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• Three Terminal Fixed 5V and 12V 
• Output Current of 3A, 5A or 7.5A 
• Operates Down to 1V Dropout 
• Guaranteed Dropout Voltage at Multiple Current Levels 
• 0.015% Line Regulation 
• 0.1% Load Regulation 
• 
100% Thermal Limit Burn-In 
• Adjustable Versions Available 


• 
High Efficiency Linear Regulators 
• 
Post Regulators for Switching Supplies 
• Constant Current Regulators 
• 
Battery Chargers 


DEVICE 
OUTPUT CURRENT" 


LT1083 
7.5Amps 
LT1084 
5.0 Amps 
LT1085 
3.0 Amps 


LT1083/4/5-5 
LT1083/4/5-12 


3A, 5A, 7.5A Low Dropout 
Positive Fixed Regulators 


DESCRIPTiOn 


The LT1083series of positive fixed regulators are designed 
to provide 3A, 5A and 7.5A with higher efficiency than cur- 
rently available devices. All internal circuitry is designed 
to operate down to 1V input to output differential and the 
dropout voltage is fully specified as a function of load cur· 
rent. Dropout is guaranteed at a maximum of 1.5Vat maxi· 
mum output current, decreasing at lower load currents. 
On-chip trimming adjusts the output voltage to 1%. Cur- 
rent limit is also trimmed, minimizing the stress on both 
the regulator and power source circuitry under overload 
conditions. 


The LT1083series devices are pin compatible with older 3 
terminal regulators. A 10IlFoutput capacitor is required on 
these new devices; however, this is usually included in 
.,.. 
most regulator designs. 
•• 


Unlike PNP regulators, where up to 10% of the output cur- 
rent is wasted as quiescent current, the LT1083quiescent 
current flows into the load, increasing efficiency. 


Dropout Voltage 
YS 
Output Current 


./ 
- 


:::;:;; 


LT1083/4/5-5 
LT1083/4/5-12 


Power Dissipation 
Internally Limited 
Input Voltage (Note 1) 
30V 
Operating Input Voltage 
5V Devices 
20V 
12V Devices 
25V 
Operating Junction Temperature Range 
"M" Grades 
Control Section 
- 55°C to 150°C 
Power Transistor 
- 55°C to 200°C 
"C" Grades 
Control Section 
O°Cto 125°C 
Power Transistor 
O°Cto 150°C 
Storage Temperature 
-65°Cto 
150°C 
Lead Temperature (Soldering, 10see) 
300°C 


Note 1: Although 
the devices maximum operating 
voltage is limited, (20V 
for a 5V device, and 25V for a 12V device) the devices are guaranteed 
to 
withstand 
transient 
input voltages 
up to 30V. For input voitages 
greater 
than the maximum operating 
input voltage some degradation 
of specifica· 
tions wiil occur. For input/output 
voltage differentiais 
greater than 15V, a 
minimum external load of 5mA is required to maintain reguiation. 


PREconDITiOninG 


100% Thermal Limit Burn·ln 


~ 


VINo 
Your 
GND 


ORDER 
PART NUMBER 


LT1083MK·5 
LT1083MK·12 
LT1083CK·5 
LT1083CK·12 
LT1084MK·5 
LT1084MK·12 
LT1084CK·5 
LT1084CK·12 
LT1085MK·5 
LT1085MK·12 
LT1085CK·5 
LT1085CK·12 


LT1083Cp·5 
LT1083Cp·12 
LT1084Cp·5 
LT1084Cp·12 


LT1084CT·5 
LT1084CT·12 
LT1085CT-5 
LT1085CT·12 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output Voitage 
LT1083/4/5·5 
lOUT= OmA,Tj= 25°C, V1N = BV(K Package Only) 
4.950 
5.000 
5.050 
V 
Os lOUTSIFUlLLOAD,6.5V sV1Ns20V 
(Notes 3, 5) 
• 
4.900 
5.000 
5.100 
V 


LT1083/4/5-12 
lOUT= OmA,Tj= 25°C, V1N = 15V (K Package Only) 
11.880 
12.000 
12.120 
V 
Os lOUTsIFUlLLOAD13.5V sV1N s25V (Notes 3, 5) 
• 
11.760 
12.000 
12.240 
V 


Line RegUlation 
LT1083/4/5·5 
lOUT= OmA,Tj= 25°C, 6.5V s V1N s 20V (Notes 1, 2) 
0.5 
10 
mV 
• 
1.0 
10 
mV 


LT1083/4/5·12 
lOUT= OmA,Tj = 25°C, 13.5VsV1Ns25V 
(Notes 1, 2) 
1.0 
25 
mV 
• 
2.0 
25 
mV 


LT1083/4/5-5 
LT1083/4/5-12 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Load Regulation 
LT1083/4/5-5 
V1N= BV, Os lOUTSIFULLLOAD, 
Ti = 25°C (Notes 1, 2, 3, 5) 
5 
20 
mV 
• 
10 
35 
mV 


LT1083J4/5-12 
V1N= 15V, Os lours IFULLLOAD, 
Ti = 25°C (Notes 1, 2, 3, 5) 
12 
36 
mV 
• 
24 
72 
mV 


Dropout Voltage(VIN - VOUT) 
LT1083/4/5-5 
aVoUT=50mV, 
lOUT= IFULLLOAD(Notes 4, 5) 
• 
1.3 
1.5 
V 


LT1083/4/5-12 
aVOUT= 120mV, lOUT= IFULLLOAD(Notes 4, 5) 
• 
1.3 
1.5 
V 


Current Limit 
LT1083·5 
V1N= 10V 
• 
B.O 
9.5 
A 


LT1083·12 
V1N=17V 
• 
B.O 
9.5 
A 


LT1084-5 
V1N= 10V 
• 
5.5 
6.5 
A 


LT1084·12 
V1N=17V 
• 
5.5 
6.5 
A 


LT1085-5 
V1N=10V 
• 
3.2 
4.0 
A 


LT1085-12 
V1N= 17V 
• 
3.2 
4.0 
A 


Quiescent Current 
LT1083/4/5·5 
V1Ns20V 
• 
5.0 
10.0 
mA 
LT1083/4/5-12 
V1Ns25V 
• 
5.0 
10.0 
mA 


Thermal Regulation 
TA= 25°C, 30ms pulse 
LT1083-5/12 
0.002 
0.01 
%rw 
LT1084·5/12 
0.003 
0.Q15 
%rw 
LT1085-5/12 
0.004 
0.02 
%rw 


Ripple Rejection 
f = 120Hz, COUT= 25~F Tantalum 
lOUT= IFULLLOAD 
LT1083/4/5-5 
V1N= BV (Note 5) 
• 
60 
68 
dB 
LT1083/4/5-12 
V1N= 15V (Note 5) 
• 
54 
60 
dB 


Temperature Stability 
• 
0.5 
% 


Long Term Stability 
TA= 125°C, 1000 Hrs. 
0.03 
1.0 
% 


RMS Output Noise (% of Vour) 
TA=25°C 
10Hz= sfsl0kHz 
0.003 
% 


Thermal Resistance 
Junction to Case 
LT1083 
K Package: Control Circuitry/PowerTransistor 
0.6/1.6 
°Crw 
P Package: Control Circuitry/Power 
Transistor 
0.5/1.6 
°crw 
LT1084 
K Package: Control Circuitry/Power 
Transistor 
0.75/2.3 
°crw 
P Package: Control Circuitry/Power 
Transistor 
0.65/2.3 
°crw 
T Package: Control Circuitry/Power 
Transistor 
0.65/2.7 
°crw 
LT1085 
K Package: Control Circuitry/Power 
Transistor 
0.9/3.0 
°crw 
T Package: Control Circuitry/Power 
Transistor 
0.7/3.0 
°crw 


The. 
denotes the specifications 
which apply over the full operating 
temperature 
range. 


Nole 1: See thermal regulation 
specifications 
for changes in output volt- 


age due to heating effects. Load and line regulation 
are measured at a con- 
stant junction 
temperature 
by low duty cycle pulse testing. 


Nole 2: Line and load regulation 
are guaranteed up to the maximum power 
dissipation 
(60W for the LT1083, 45W for the LT1084 (K, P),30W for the 
LT1084 (T) and 30W for the LT10B5). Power dissipation 
is determined 
by the 
input/output 
differential 
and the output current. Guaranteed maximum 
power dissipation 
will not be available over the full input/output 
voltage 


range. 


• 


Nole 3: IFULLLOADis defined in the current limit curves. The IFULLLOADcurve 
is defined as the minimum value of current limit as a function 
of input to 
output voltage. Note that the 60W power dissipation 
for the LT1083 (45W for 


the LT1084(K, P),3OWforthe 
LT1084 (T), 3OWforthe 
LT1085) is only achiev- 


able over a limited range of input to output voltage. 


Nole 4: Dropout voltage is specified over the full output current range of 
the device. Test points and limits are shown on the Dropout Voltage curve. 


Nole 5: For LT1083IFULLLOADis 5A for -55°CsTj< 
- 40°C and 7.5A for 
Tj~ -40°C. 
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LT1083/4/5·5 
Ripple Rejection 
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The LT1083family of three terminal regulators is easy to 
use and has all the protection features that are expected 
in high performance voltage regulators. They are short 
circuit protected, havesafe area protection as well as ther- 
mal shutdown to turn off the regulator should the tempera· 
ture exceed about 165°C. 


These regulators offer lower dropout voltage and more 
precise reference tolerance. Further, the reference stabil· 
ity with temperature 
is improved over older types of 
regulators. The only circuit difference between using the 
LT1083family and older regulators is that they require an 
output capacitor for stability. 


Stability 


The circuit design used in the LT1083family requires the 
use of an output capacitor as part of the device frequency 
compensation. For all operating conditions, the addition 
of 150J.lFaluminum electrolytic or a 22J.lFsolid tantalum on 
the output 
will ensure stability. 
Normally, capacitors 
much smaller than this can be used with the LT1083.Many 
different types of capacitors with widely varying charac- 
teristics are available. These capacitors differ in capacitor 
tolerance (sometimes ranging up to ± 100%), equivalent 
series resistance, and capacitance temperature coeffi· 
cient. The 150J.lFor 22J.lFvalues given will ensure stability. 


Normally, capacitor values on the order of 100J.lFare used 
in the output of many regulators to ensure good transient 
response with heavy load current changes. Output capaci· 
tance can be increased without limit and larger values of 
output capacitor further improve stability and transient re- 
sponse of the LT1083regulators. 


Another possible stability 
proiJiem that can occur in 
monolithic 
IC regulators 
is current 
limit oscillations. 
These can occur because, in current limit, the safe area 
protection exhibits a negative impedance. The safe area 
protection decreases the current limit as the input·to- 
output voltage increases. That is the equivalent of having 
a negative resistance since increasing voltage causes cur· 
rent to decrease. Negative resistance during current limit 
is not unique to the LT1083series and has been present on 
all power IC regulators. The value of the negative reo 
sistance is a function of how fast the current limit is 


folded back as input·to·output 
voltage increases. This 
negative resistance can react with capacitors or inductors 
on the input to cause oscillation during current limiting. 
Depending on the value of series resistance, the overall 
circuitry may end up unstable. Since this is a system prob· 
lem, it is not necessarily easy to solve; however it does not 
cause any problems with the IC regulator and can usually 
be ignored. 


Protection Diodes 


In normal operation, the LT1083family does not need any 
protection diodes. The internal diode between the input 
and the output pins of the LT1083 family can handle 
microsecond surge currents of 50A to 100A. Even with 
large output capacitances, it is very difficult to get those 
values of surge currents in normal operation. Only with 
high value output capacitors, such as 1000J.lFto 5000J.lF 
and with the input pin instantaneously shorted to ground, 
can damage occur. A crowbar circuit at the input of the 
LT1083can generate those kinds of currents, and a diode 
from output to input is then recommended. Normal power 
supply cycling or even plugging and unplugging in the sys· 
tem will not generate currents large enough to do any 
damage. 


01 
lN4002 


(OPTIONAL) 


Overload Recovery 


Like any of the IC power regulators, the LT1083has safe 
area protection. The safe area protection decreases the 
current limit as input-to·output 
voltage increases and 
keeps the power transistor inside a safe operating region 
for all values of input-to-output voltage. The LT1083protec- 
tion is designed to provide some output current at all val· 
ues of input-to-output voltage up to the device breakdown. 
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When power is first turned on, as the input voltage rises, 
the output follows the input, allowing the regulator to start 
up into very heavy loads. During the start·up, as the input 
voltage is rising, the input·to·output voltage differential 
remains small, allowing the regulator to supply large out· 
put currents. With high input voltage, a problem can occur 
wherein removal of an output short will not allow the out· 
put voltage to recover. Older regulators, such as the 7800 
series, also exhibited this phenomenon, so it is not unique 
to the LT1083. 


The problem occurs with a heavy output load when the in· 
put voltage is high and the output voltage is low, such as 
immediately after a removal of a short. The load line for 
such a load may intersect the output current curve at two 
points. If this happens, there are two stable output operat· 
ing points for the regulator. With this double intersection, 
the power supply may need to be cycled down to zero and 
brought up again to make the output recover. 


Ripple Rejection 


In applications that require improved ripple rejection, the 
LT1083series adjustable regulators should be used. With 
LT1083 series adjustable regulators, the addition of a 
bypass capacitor from the adjust pin to ground will reduce 
output ripple by the ratio of Vour/1.25V.See LT1083series 
adjustable regulator data sheet. 


Load Regulation 


Because the LT1083is a three·terminal device, it is not 
possible to provide true remote load sensing. Load regula· 
tion will be limited by the resistance of the wire connect· 
ing the regulator to the load. The data sheet specification 
for load regulation is measured at the bottom of the pack· 
age. Negative side sensing is a true Kelvin connection, 
with the ground pin of the device returned to the negative 
side of the load. 


Thermal Considerations 


The LT1083series of regulators have internal power and 
thermal limiting circuitry designed to protect the device 
under overload conditions. For continuous normal load 
conditions however, maximum junction temperature rat· 
ings must not be exceeded. It is important to give careful 
consideration to all sources of thermal resistance from 
junction to ambient. This includes junction to case, case 
to heat sink interface, and heat sink resistance itself. New 
thermal resistance specifications have been developed to 
more accurately reflect device temperature and ensure 
safe operating temperatures. The data section for these 
new regulators provides a separate thermal resistance 
and maximum junction temperature for both the Control 
Section and the Power Transistor. Previous regulators, 
with a single junction to case thermal resistance speci· 
fication, used an average of the two values provided here 
and therefore could allow excessive junction tempera· 
tures under certain conditions of ambient temperature 
and heat sink resistance. To avoid this possibility, calcula· 
tions should be made for both sections to ensure that both 
thermal limits are met. 


Junction·to·case thermal resistance is specified from the 
Ie junction to the bottom of the case directly below the 
die. This is the lowest resistance path for heat flow. Proper 
mounting is required to ensure the best possible thermal 
flow from this area of the package to the heat sink. Ther· 
mal compound 
at the case·to·heat·sink 
interface 
is 
strongly recommended. If the case of the device must be 
electrically isolated, a thermally conductive spacer can be 
used, as long as its added contribution to thermal reo 
sistance is considered. Note that the case of all devices in 
this series is electrically connected to the output. 
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For example, using a LT1083·5CK (TO·3, Commercial) 
and 
assuming: 


VIN(max continuous)=9V, 
VOUT=5V, IOUT=6A, 
TAMBIENT= 75°C, 8HEATSINK= 1°CIW, 
8CASE.TQ.HEAT.SINK 
= O.2°CIW for K package with 
thermal compound. 


Power dissipation 
under these conditions 
is equal to: 


Po =(VIN - VOUT)(lOUT)= 24W 


Junction temperature will be equal to: 


Tj= TAMBIENT+ Po (8HEAT·SINK+ 
8CASE·TQ·HEAT·SINK 
+ 8jcl 


For the Control Section: 


Tj= 75°C + 24W (1°CIW + O.2°CIW + O.6°CIW) = 118°C 
118°C< 125°C = Tjmax (Control Section 
Commercial 
Range) 


For the Power Transistor: 


Tj= 75°C + 24W (1°CIW + O.2°CIW + 1.6°CIW) = 142°C 
142°C <150°C = Tjmax (Power Transistor 
Commercial 
Range) 


In both cases the junction 
temperature 
is below the maxi· 
mum rating for the respective 
sections, 
ensuring 
reliable 
operation. 


"THE 
# 18 WIRE ACTS 
AS BALlAST 
RESISTANCE 
INSURING 
CURRENT SHARING 
BETWEEN BOTH DEVICES. 
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REGULATOR WITH SCR PREREGULATDR TO 
LOWER POWER DISSIPATION. 
ABOUT 1.N 
DIFFERENTIAL 
IS MAINTAINED 
ACROSS THE 
LT1083 
INDEPENDENT OF LOAD CURRENT. 
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SELECT 
FOR 


CHARGE 
RATE 
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MOUNTING 
MOLE 


0125 
iDE) 
OIATYP 


0.860-0880"l~ 


0.180-0820 


(19,811~20828) 


0.1)4(1-0060 


BSC 


P Package 
TO·3P Plastic 


r- 
0620-0640 -j 
0180-0200 
",....~r 


L 


0,160-0.180 


(4.064-4,512) 


0060-0070 
(1524-1778) 


0,070-0.090 
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iU94=TI02} 


15°TYP r---t- [1.190-0.210 
LI-----J 
(4.826-5.334) 
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'~ 
_ 


L 
\ 


K Package 
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T Package 
TO·220 Plastic 


J 


IC,00",.005 
--l f--- (O.8IhO 
121) 


0,100"'0.010 
(2.S40.t.O.254) 


'.013-'02' ---II-- 
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• Three Terminal Adjustable or Fixed 5V,12V 
• Output Current of 1.5A,(0.5Afor LT1086H) 
• Operates Down to 1V Dropout 
• Guaranteed Dropout Voltage at Multiple Current Levels 
• 0.015% Line Regulation 
• 0.1% Load Regulation 
• 
100% Thermal Limit Burn·ln 


• 
High Efficiency Linear Regulators 
• 
Post Regulators for Switching Supplies 
• Constant Current Regulators 
• 
Battery Chargers 


LT1086/LT1086-5 
LT1086-12/LT1086H 


1.5A Low Dropout 
Positive Regulators 
Adjustable 
and Fixed 5V, 12V 


DESCRIPTiOn 


The LT1086 is designed to provide 1.5A with higher effi- 
ciency than currently available devices. All internal circuitry 
is designed to operate down to 1V input to output differen· 
tial and the dropout voltage is fUlly specified as a function 
of load current. Dropout is guaranteed at a maximum of 
1.5V at maximum output current, decreasing at lower load 
currents. On·chip trimming 
adjusts the reference/output 
voltage to 1%. Current limit is also trimmed, minimizing the 
stress on both the regulator and power source circuitry un· 
der overload conditions. 


The LT1086is pin compatible with older 3 terminal adjust· 
able regulators. A 10~F output capacitor 
is required on 
these new devices; however, this is uSually included in 
•• 
most regulator designs. 
•• 


Unlike PNP regulators, where up to 10% of the output cur· 
rent is wasted as quiescent current, the LT1086quiescent 
current flows into the load, increasing efficiency. 


2k 
OUTPUT 
ADJUST 


o 
o 
0.5 
1 
1.5 


OUTPUT 
CURRENT 
(A) 
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Power Dissipation 
Internally Limited 
Input Voltage> 
30V 
Operating Input Voltage 
Adj. Devices 
25V 
·5V Devices 
20V 
·12V Devices 
25V 
Operating Junction Temperature Range 


"M" Grades 
Control Section 
- 55°C to 150°C 
Power Transistor 
- 55°C to 200°C 


"C" Grades 
Control Section 
O°Cto 125°C 
Power Transistor. 
O°Cto 150°C 
Storage Temperature 
- 65°C to 150°C 
Lead Temperature (Soldering, 10see) 
300°C 


*Although 
the devices maximum 
operating 
voltage is limited, (20V for a ·5V 
device, and 25V for adjustable 
and ·12 devices) the devices are guaranteed 
to withstand 
transient 
input voltages 
up to JOV. For input voltages greater 
than the maximum 
operating 
input voltage some degradataion 
of specifi· 


cations will occur. For -5 and -12 devices operating 
at input/output 
voltage 
differentials 
greater than 15V, a minimum 
external load of SmA is required 
to maintain 
regulation. 


~ 


VINo 
vour 
ADJ 
(GROUNDt 


T PACKAGE 


3-LEAOTO-220PLASTIC 


BOTTOM VIEW 
C) 


'NPUT 


ADJ 


8 
OUTPUT 
(CASEI 


H PACKAGE 


3-LEADTO-39METALCAN 


ORDER 
PART NUMBER 


LT1086MK 
LT1086CK 
LT1086·5MK 
LT1086·5CK 
LT1086·12MK LT1086·12CK 


LT1086CT 
LT1086·5CT 
LT1086·12CT 


LT1086CH 
LT1086MH 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Reference Voltage 
LT1086, LT1086H 
lOUT= 1OmA, Tj= 25°C, 
(VIN- VOUT)= 3V (K Package Only) 
1.238 
1.250 
1.262 
V 
10mA SIOUTs1.5A, (0.5A for LT1086H) 
1.5VS(V,N- 
VOUT)<15V 
• 
1.225 
1.250 
1.270 
V 


Output Voltage 
LT1086·5 
lOUT= OmA, Tj = 25°C 
VIN= 8V (K Package Only) 
4.950 
5.000 
5.050 
V 
o SIOUTs1.5A, 6.5V s VINs 20V 
• 
4.900 
5.000 
5.100 
V 


LT1086-12 
lOUT= OmA, Tj = 25°C 
VIN= 15V (K Package Only) 
11.880 
12.000 
12.120 
V 
OVSI0UT<1.5A,13.5V<VIN<25V 
• 
11.760 
12.000 
12.240 
V 


Line RegUlation 
LT1086, LT1086H 
ILOAD= 10mA, 1.5Vs(VIN- 
VOUT)s15V, Tj= 25°C 
0.Q15 
0.2 
% 
• 
0.035 
0.2 
% 


LT1086-5 
lOUT= OmA, Ti = 25°C, 6.5V s V,Ns 20V 
0.5 
10 
mV 
• 
1.0 
10 
mV 
LT1086·12 
louT=OmA, Tj = 25°C, 13.5VsV,NS25V 
1.0 
25 
mV 
• 
2.0 
25 
mV 


LT1086/LT1086-5 
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PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Load Regulation 
LT1086, LT1086H 
(VIN- Vour)= 3V, 10mA:slour:s1.5A, 
(0.5A for LT1086H) 


% 
Tj= 25°C (Notes 1, 2) 
0.1 
0.3 
• 
0.2 
0.4 
% 


LT1086-5 
VIN= SV,O:slour:s 1.5A, Ti = 25°C (Notes 1, 2) 
5 
20 
mV 
• 
10 
35 
mV 
LT1086·12 
VIN= 15V,0:slour:s1.5A, 
Ti=25°C 
(Notes 1, 2) 
12 
36 
mV 
• 
24 
72 
mV 


Dropout Voltage (VIN- Your) 
1.5 
V 
LT1086 
~VREF= 1%, lour = 1.5A (Note 3) 
• 
1.3 


LT1086H 
~VREF= 1%, lour=0.5A(Note3) 
• 
0.95 
1.25 
V 
LT1086·5 
~Vour= SOmV,lour = 1.5A (Note 3) 
• 
1.3 
1.5 
V 
LT1086-12 
~Vour= 120mV, lour = 1.5A (Note 3) 
• 
1.3 
1.5 
V 


Current Limit 


LT1086, LT1086-5, LT1086-12 
(VIN- Your) = 5V 
• 
1.5 
1.6 
2.5 
A 
(VIN- Your) = 25V 
• 
0.075 
0.15 
A 
LT1086H 
(VIN- Your) = 5V 
• 
0.5 
0.7 
1.2 
A 
(VIN- Your) = 2.5V 
• 
0.03 
0.075 
A 


Minimum Load Current 
LT1086, LT1086H 
(VIN- Your) = 25V (Note 4) 
• 
5 
10 
mA 


Quiescent Current 
LT1086-5 
VIN:s20V 
• 
5 
10 
mA 
LT1086-12 
VIN<25V 
• 
5 
10 
mA 


Thermal Regulation 
TA - 25°C, 30ms Pulse 
0.008 
0.04 
%IW 


Ripple Rejection 
f = 120Hz, Cour = 25~F Tantalum 
lour = 1.5A, (lour = 0.5A for LT1086H) 


LT1086, LT1086H 
CAOJ= 25~F, (VIN- Your) = 3V 
• 
60 
75 
dB 
LT1086·5 
VIN=SV 
• 
60 
68 
dB 
LT1086-12 
VIN= 15V 
• 
54 
60 
dB 


Adjust Pin Current 
LT1086, LT1086H 
Ti=25°C 
55 
~ 
• 
120 
~A 


Adjust Pin Current Change 
LT1086, LT1086H 
10mA:s lour:s 1.5A, (0.5A for LT10S6H) 
1.5V <(VIN - Vour):s15V 
• 
0.2 
5 
~ 
Temperature Stability 
• 
0.5 
% 


Long Term Stability 
TA=125°C, 
1000 Hrs. 
0.3 
1 
% 


RMS Output Noise (% of Vour) 
TA=25°C 
10Hz:sf:sl0kHz 
0.003 
% 


Thermal Resistance 
Junction to Case 
K Package: Control Circuitry/PowerTransistor 
1.7/4.0 
°CIW 
T Package: Control Circuitry/PowerTransistor 
1.5/4.0 
°CIW 
H Package: Control Circuitry/Power 
Transistor 
15/20 
°CIW 


The. 
denotes the specifications 
which apply overthe full operating 
temperature 
range. 


Notel: 
See thermal regulation specifications 
for changes in output volt· 
age due to heating effects. Load and line regulation are measured at a con· 
stant junction temperature 
by low duty cycle pulse testing. Load regulation 
is measured at the outputlead 
~ liS" from the package. 


Note 2: Line and load regulation are guaranteed up to the maximum power 
dissipation 
of 15W for the LT1086, LT1086·5and LT1086·12,and 3W for the 
LT1086H. Power dissipation 
is determined by the inpuUoutput differential 


and the output current. Guaranteed maximum power dissipation 
will not be 
available over the full inpuUoutput voltage range. See Short Circuit Current 
Curve for available output current. 


Note 3: Dropout voltage is specified over the full output current range of 
the device. Test points and limits are shown on the Dropout Voltage curve. 
Note 4: Minimum load current is defined as the minimum output current reo 
quired to maintain regulation. At 25V input/output 
differential 
the device is 
guaranteed to regulate if the output current is greater than 10mA. 
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Temperature Stability 
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LT1086 Ripple Rejection vs 
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TYPICAL PERFORmAnCE 
CHARACTERISTICS 
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LT1086·12 Ripple Rejection vs 
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The LT10B6family of three terminal regulators is easy to 
use and has all the protection features that are expected 
in high performance voltage regulators. They are short 
circuit protected, havesafe area protection as well as ther, 
mal shutdown to turn off the regulator should the tempera- 
ture exceed about 165°Cat the sense point. 


These regulators are pin compatible with older three 
terminal adjustable devices, offer lower dropout voltage 
and more precise reference tolerance. Further, the refer· 
ence stability with temperature is improved over older 
types of regulators. The only circuit difference between 
using the LT1OB6family and older regulators is that they 
require an output capacitor for stability. 


Stability 


The circuit design used in the LT10B6family requires the 
use of an output capacitor as part of the device frequency 
compensation. For all operating conditions, the addition 
of 150llFaluminum electrolytic or a 221lFsolid tantalum on 
the output will ensure stability. 
Normally, capacitors 
much smaller than this can be used with the LT10B6.Many 
different types of capacitors with widely varying charac- 
teristics are available. These capacitors differ in capacitor 
tolerance (sometimes ranging up to ± 100%), equivalent 
series resistance, and capacitance temperature coeffi- 
cient. The 150llFor 221lFvalues given will ensure stability. 


When using the LT10B6the adjustment terminal can be 
bypassed to improve ripple rejection. When the adjust· 
ment terminal is bypassed the requirement for an output 
capacitor increases. The values of 221lFtantalum or 150llF 
aluminum cover all cases of bypassing the adjustment 
terminal. For fixed voltage devices or adjustable devices 
without an adjust pin bypass capacitor, smaller output 
capacitors can be used with equally good results and the 
table below shows approximately what size capacitors are 
neededto ensure stability. 


Output 


10~FTantalum, 5O~FAluminum 
22~FTantalum, 150~FAluminum 


Adjustment 


None 
20~F 


Normally, capacitor values on the order of 100llF are used 
in the output of many regulators to ensure good transient 
response with heavy load current changes. Output capaci· 
tance can be increased without limit and larger values of 
output capacitor further improve stability and transient reo 
sponse of the LT10B6regulators. 


Another possible stability 
problem that can occur in 
monolithic 
IC regulators is current limit 
oscillations. 
These can occur because, in current limit, the safe area 
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protection exhibits a negative impedance. The safe area 
protection decreases the current limit as the input·to· 
output voltage increases. That is the equivalent of having 
a negative resistance since increasing voltage causes cur· 
rent to decrease. Negative resistance during current limit 
is not unique to the LT1086 series and has been present on 
all power IC regulators. The value of the negative reo 
sistance is a function of how fast the current limit is 
folded back as input·to·output voltage increases. This 
negative resistance can react with capacitors or inductors 
on the input to cause oscillation during current limiting. 
Depending on the value of series resistance, the overall 
circuitry may end up unstable. Since this is a system prob· 
lem, it is not necessarily easy to solve; however it does not 
cause any problems with the IC regulator and can usually 
be ignored. 


Protection Diodes 


In normal operation, the LT1086 family does not need any 
protection diodes. Older adjustable regulators required 
protection diodes between the adjustment pin and the out· 
put and from the output to the input to prevent overstress· 
ing the die. The internal current paths on the LT1086 
adjustment pin are limited by internal resistors. Therefore, 
even with capacitors on the adjustment pin, no protection 
diode is needed to ensure device safety under short circuit 
conditions. 


Diodes between input and output are usually not needed. 
The internal diode between the input and the output pins 
of the LT1086 family can handle microsecond surge cur- 
rents of 10A to 20A. Evenwith large output capacitances, 
it is very difficult to get those values of surge currents in 
normal operations. Only with high value of output capaci· 
tors, such as 1000/LF to 5000/LF and with the input pin in· 
stantaneously shorted to ground, can damage occur. A 
crowbar circuit at the input of the LT1086 can generate 
those kinds of currents, and a diode from output to input is 
then recommended. Normal power supply cycling or even 
plugging and unplugging in the system will not generate 
current large enough to do any damage. 


The adjustment pin can be driven on a transient basis 
± 25V, with respect to the output without any device 


degradation. Of course, as with any IC regulator, exceed· 
ing the maximum input to output voltage differential 
causes the internal transistors to break down and none of 
the protection circuitry is functional. 


01 
1N4002 


(OPTIONAL) 


VIN 
IN 
LT1086 
OUT 
VOUT 


ADJ 
Al 
+ COUT 


+ 
CADJ 
A2 


1150~F 


11O~F 


':' 


Overload Recovery 


Like any of the IC power regulators, the LT1086 has safe 
area protection. The safe area protection decreases the 
current limit as input-to-output voltage increases and 
keeps the power transistor inside a safe operating region 
for all values of input·to·output voltage. The LT1086 protec· 
tion is designed to provide some output current at all val- 
ues of input·to·output voltage up to the device breakdown. 


When power is first turned on, as the input voltage rises, 
the output follows the input, allowing the regulator to start 
up into very heavy loads. During the start-up, as the input 
voltage is rising, the input-to-output voltage differential 
remains small, allowing the regulator to supply large out- 
put currents. With high input voltage, a problem can occur 
wherein removal of an output short will not allow the out· 
put voltage to recover. Older regulators, such as the 7800 
series, also exhibited this phenomenon, so it is not unique 
to the LT1086. 


The problem occurs with a heavy output load when the in- 
put voltage is high and the output voltage is low, such as 
immediately after a removal of a short. The load line for 
such a load may intersect the output current curve at two 
points. If this happens, there are two stable output operat· 
ing points for the regulator. With this double intersection, 
the power supply may need to be cycled down to zero and 
brought up again to make the output recover. 
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Ripple Rejection 


For the LT1086 the typical curves for ripple rejection re- 
flect values for a bypassed adjustment pin. This curve will 
be true for all values of output voltage. For proper bypass- 
ing, and ripple rejection approaching the values shown, 
the impedance of the adjust pin capacitor, at the ripple fre- 
quency 
should 
equal 
the 
value 
of 
R1, (normally 
1000-1200). The size of the required adjust pin capacitor is 
a function 
of the input ripple frequency. At 120Hz the 
adjust pin capacitor should be 131lFif R1= 1000. At 10kHz 
only 0.161lFis needed. 


For circuits without an adjust pin bypass capacitor, the 
ripple rejection will be a function of output voltage. The 
output ripple will increase directly as a ratio of the output 
voltage to the reference voltage (VouTNREF). For example, 
with the output voltage equal to 5V, and no adjust pin 
capacitor, the output ripple will be higher by the ratio of 
5V/1.25V or 4 times larger. Ripple rejection will be de- 
graded by 12dB from the value shown on the LT1086curve. 
Typical curves are provided for -5 and -12devices since the 
adjust pin is not available. 


Output Voltage 


The LT1086 develops a 1.25V reference voltage between 
the output and the adjust terminal (see Figure 1). By plac- 
ing a resistor, R1,between these two terminals, a constant 
current is caused to flow through R1 and down through R2 
to set the overall output voltage. Normally this current is 
chosen to be the specified minimum load current of 10mA. 
Because IADJ is very small and constant when compared 
with the current through R1, it represents a small error and 
can usually be ignored. For fixed voltage devices R1 and 
R2are included in the device. 


Load Regulation 


Because the LT1086 is a three-terminal device, it is not 
possible to provide true remote load sensing. Load regula- 
tion will be limited by the resistance of the wire connect- 
ing the regulator to the load. The data sheet specification 
for load regulation is measured at the bottom of the pack- 
age. Negative side sensing is a true Kelvin connection, 
with the bottom of the output divider returned to the nega- 
tived side of the load. Although it may not be immediately 
obvious, best load regulation is obtained when the top of 
the resistor divider, (R1), is connected directly to the case 
not to the load. This is illustrated 
in Figure 2. If R1 were 
connected to the load, the effective resistance between 
the regulator and the load would be 


Rp x 
R2 + R1 ,Rp = Parasitic Line Resistance. 
R1 


Rl 
CONNECT 


Rl TO CASE 


RL 


R2 


~ 


,~ 


CONNECT 
R2 


TO LOAO 


Figure 2. Connections for Best Load Regulation 


Connected as shown, Rp is not multiplied by the divider ra- 
tio. Rp is about 0.0040 per foot using 16 gauge wire. This 
translates to 4mV/ft at 1A load current, so it is important to 
keep the positive lead between regulator and load as short 
as possible, and use large wire or PCboard traces. 


Note that the resistance of the package leads for the H 
package ••0.060/in. While it is usually not possible to con- 
nect the load directly to the package, it is possible to con- 
nect larger wire or PC traces close to the case to avoid 
voltage drops that will degrade load regulation. 


For fixed voltage devices the top of R1 is internally Kelvin 
connected, and the ground pin can be used for negative 
side sensing. 
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Thermal Considerations 


The LT1086 series of regulators have internal power and 
thermal limiting circuitry 
designed to protect the device 
under overload conditions. 
For continuous 
normal load 
conditions 
however, maximum junction temperature 
rat· 
ings must not be exceeded. It is important to give careful 
consideration 
to all sources of thermal resistance from 
junction to ambient. This includes junction to case, case 
to heat sink interface, and heat sink resistance itself. New 
thermal resistance specifications 
have been developed to 
more accurately 
reflect device temperature 
and ensure 
safe operating temperatures. The data section for these 
new regulators 
provides a separate thermal 
resistance 
and maximum junction temperature for both the Control 
Section and the Power Transistor. Previous regulators, 
with a single junction to case thermal resistance speci· 
fication, used an average of the two values provided here 
and therefore 
could allow excessive junction 
tempera· 
tures under certain conditions 
of ambient temperature 
and heat sink resistance. To avoid this possibility, calcula· 
tions should be made for both sections to ensure that both 
thermal limits are met. 


For example, using a LT1086CK (TO·3, Commercial) and 
assuming: 


VIN(max continuous) = 9V, VOUT= 5V, lOUT= 1A, 
TAMBIENT= 75°C, OHEATSINK= 3°CIW, 
OCASE·TQ.HEAT-SINK 
= O.2°CIW for K package with 
thermal compound. 


Power dissipation under these conditions is equal to: 


Po= (VIN- VOUT)(lOUT)= 4W 


Junction temperature will be equal to: 


Tj= TAMBIENT+ Po(OHEAT·SINK 
+ 
0CASE·TQ·HEAT·SINK 
+Ojcl 


For the Control Section: 


Tj= 75°C +4W (3°CIW +O.2°CIW + 1.7°CIW) = 95°C 
95°C < 125°C = Tjmax(Control Section 
Commercial Range) 


For the Power Transistor: 


Tj= 75°C + 4W (3°CIW +O.2°CIW +4°CIW) = 103.8°C 
103.8°C< 150°C = Tjmax(Power Transistor 
Commercial Range) 


In both cases the junction temperature is below the maxi· 
mum rating for the respective sections, ensuring reliable 
operation. 


Junction to case thermal resistance for the K and T pack· 
ages is specified from the I.C. junction to the bottom of the 
case directly below the die. This is the lowest resistance 
path for heat flow. While this is also the lowest resistance 
path for the H package, most available heat sinks for this 
package are of the clip-on type that attach to the cap of the 
package. The datasheet specification 
for thermal resis· 
tance for the H package is therefore written to reflect this. 
In all cases proper mounting is required to ensure the best 
possible heat flow from the die to the heat sink. Thermal 
compound at the case·to·heat sink interface is strongly 
recommended. In the case of the H package, mounting the 
device so that heat can flow out the bottom of the case will 
significantly lower thermal resistance (•• a factor of 2). If the 
case of the device must be electrically isolated, a thermally 
conductive spacer can be used, as long as its added con· 
tribution to thermal resistance is considered. Note that the 
case of all devices in this series is electrically connected to 
the output. 
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PACKAGE DESCRIPTions 
Dimensionsininches (millimeters) unless otherwise noted. 


H Package 
T Package 
KPackage 
3·LeadTO·39MetalCan 
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• a-Lead MiniDIP 
• 
40JLA Supply Current 
• 125mAOutput Current 
• 2.5VReference Voltage 
• Reference Output Sources 2mA and Sinks 2mA 
• Open Collector 
• Comparator Sinks 10mA 
• Logic Shutdown 
• O.2VDropout Voltage 
• Thermal Limiting 


• Ballery Systems 
• Ballery Backup System 
• Portable Terminals 
• Portable Instruments 
• Memory Keep Alive 


LT1l20 


Micropower Regulator with 
Comparator 
and Shutdown 


The LT1120 is a combination micropower positive regula- 
tor and free collector comparator on a single monolithic 
chip. With only 40JLA supply current, the LT1120can supply 
over 125mA of output current. Input voltage range is from 
4.5V to 36V and dropout voltage is O.6Vat 125mA. Dropout 
voltage decreases with lower load currents. Also included 
on the chip is a class B output 2.5V reference that can ei- 
ther source or sink current. A shutdown pin allows logic 
shutdown of the output. 


The comparator can be used as a comparator for system 
or ballery monitoring. For example, the comparator can be 
used to warn of low system voltage. Frequency compensa- 
• 
tion of the comparator for amplifier applications can be 
obtained by adding external output capacitance. 


The 2.5V reference will source or sink current. This allows 
it to be used as a supply spliller or auxiliary output. 
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OUTPUT CURRENT (mAl 


Input Voltage 
, 
36V 


NPN Collector Voltage 
36V 
Output Short Circuit Duration 
Indefinite 


Power Dissipation 
Internally Limited 


Operating Temperature Range 
LT1120C 
O°C to 100°C 
Storage Temperature Range 
LT1120C 
- 65°C to 150°C 


ORDER PART 
NUMBER 
ORDER PART 
NUMBER 
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H PACKAGE 
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PARAMETER 


Reference 


Reference Voltage 
4.5V $ V1N$ 36V 
2.46 
2.50 
2.54 
V 


Line Regulation 
4.5V < V1N< 36V 
0.01 
0.015 
%N 


Load Regulation 
-2.0mA$IREF$2mA, 
V1N= 12V 
0.3 
0.6 
% 


Output Source Current 
V1N=5V 
2 
4 
mA 


Output Sink Current 
V1N=5V 
2 
4 
mA 


Temperature Stability 
1 
% 


Supply Current 
V1N= 6V, lOUT$1 OO~A 
45 
80 
~A 
V1N= 36V, lOUT$100 ~A 
75 
100 
~A 
V1N= 12V, lOUT= 125mA 
11 
20 
mA 


Output Current 
(V1N- VouT)"1V, VIN,,6V 
125 
mA 


Load Regulation 
(VIN-VOUT»1V, 
V1N>6V 
0.2 
0.5 
% 


Line Regulation 
6V$V1N$36V 
0.01 
0.015 
%N 


Dropout Voltage 
IOUT=100~A 
0.02 
0.05 
V 
IOUF125mA 
0.4 
0.65 
V 


Feedback Sense Voltage 
V1N= 12V 
2.44 
2.5 
2.56 
V 


Shutdown Pin Voltage 
I Normal 
0.4 
V 


VouT<0.5V 
I Shutdown 
22 
1.4 
V 


Shutdown Pin Current 
V1N=1.4V 
25 
~A 


PARAMETER 


Regulator 


Feedback Bias Current 
15 
40 
nA 


Minimum Load Current 
V1N=36V 
1 
5 
~A 


Short Circuit Current 
V1N=36V 
250 
360 
mA 


Offset Voltage 
OVsVcMs35V, 
V1N=36V 
3 
7 
mV 


Bias Current 
OVsVcMs35V, 
V1N= 36V (Note 1) 
15 
40 
nA 


Offset Current 
OVsVcMs35V, 
V1N=36V 
4 
15 
nA 


Gain 
llVOUT= 29V, RL=20k 
2000 
10000 
VN 


Common Mode Rejection 
OVsVcMs35V, 
V1N=36V 
80 
94 
dB 


Power Supply Rejection 
4.5VsVss36V 
80 
96 
dB 


Output Sink Current 
V1N=4.5V 
10 
18 
mA 


Saturation Voltage 
lOUT= 1mA 
0.4 
0.6 
V 


Input Voltage Range 
0 
V1N-1 
V 


Response Time 
5 
~s 


Leakage Current 
2 
~A• 
ELECTRICAL CHARACTERISTICS 


PARAMETER 
I 
CONDITIONS 


Reference 


Reference Voltage 
4.5VsV1Ns36V 
• 
2.40 
2.50 
2.55 
V 


Line Regulation 
4.5VsV1Ns36V 
• 
0.01 
0.02 
%N 


Load Regulation 
-2.0mAsIREFs2mA, 
V1N=12V 
• 
0.4 
0.8 
% 


Output Source Current 
V1N=5V 
• 
2 
mA 


Output Sink Current 
V1N=5V 
• 
2 
mA 


Supply Current 
V1N=6V, IOUTS100~A 
• 
65 
95 
~A 
V1N= 36V, louTs100~A 
• 
85 
100 
~A 
V1N= 12V, lour= 125mA 
• 
11 
20 
mA 


Output Current 
(VIN-VOUT),,1V, VIN,,6V 
• 
125 
mA 


Load Regulation 
(V1N- VouT»1V, V1N>6V 
• 
1 
% 


Line Regulation 
6VsV1Ns36V 
• 
0.02 
%N 


Dropout Voltage 
lOUT= 100~A 
• 
0.06 
V 


IOUT=125mA 
• 
0.85 
V 


Feedback Sense Voltage 
V1N= 12V 
• 
2.38 
2.5 
2.57 
V 


Feedback Bias Current 
• 
50 
nA 


Minimum Load Current 
V1N=36V 
• 
50 
~A 


Short Circuit Current 
V1N=36V 
• 
240 
360 
mA 


ELECTRICAL CHARACTERISTICS 


PARAMETER 
I__ 
CO_N_D_ITI_ON_S 
MI_N 
TY_P 
M_AX_~ 
__ 
UN_IT_S 


Comparator 


Offset Voltage 
• 
10 
mV 


Bias Current 
V1N = 36V (Note 1) 
• 
15 
60 
nA 


Gain 
AVour= 
29V, RL =20k 
• 
1000 
VIY 


Output Sink Current 
V1N=4.5V 
• 
5 
10 
mA 


Leakage Current 
V1N=36V 
• 
8 
~ 


The. 
denotes the specifications 
which apply over full operating 
tempera· 
ture range. 


Note 1:ForOV:sVCM:SO.1Y and TA>85°C 
I bias max is 100nA. 


Pin1-Ground. 
Pin 2-Feedback. 
This is the feedback point of the reg- 


ulator. When operating, it is nominally at 2.5V. Optimum 
source resistance is 200k to 500k.The feedback pin should 
not be driven below ground or more positive than 5V. 
Pin 3-Shutdown. A logic 1 shuts off main regulator. Cau- 
tion: noise or leakage into the shutdown pin can affect 
output voltage. 
Pin 4-Regulator 
Output. Main output, requires 10/LFout· 
put capacitor. Can be shorted to VIN or ground without 
damaging device. 


Pin 5-lnput 
Supply. Bypass with 10/LFcap. Must always 
be more positive than ground. 
Pin6-Relerence. 
2.5V can source or sink current. May be 
shorted to ground or up to 5V. Voltages in excess of 5V 
can damage the device. 
Pin 7-Comparator Output. May be connected to any volt- 
age from ground to 36V more positive than ground (oper- 
ates above VIN).Short circuit protected. 
Pin8-Comparator Input. Inverting comparator input. 


Regulator Load Regulation 
Supply Current 
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The LT1120is especially suited for micropower system ap- 
plications. For example, the comparator section of the 
LT1020may be used as a battery checker to provide an in- 
dication of low battery. Another type of system applica- 
tion for the LT1120would be to generate the equivalent of 
split supplies off of a single power input. The regulator 
section provides regulated output voltage and the refer- 
ence, which can both source and sink current is then an 
artificial system ground providing a split supply for the 
system. 


For many applications the comparator can be frequency 
compensated to operate as an amplifier. Compensation 
values for various gains are given in the datasheet. The 
comparator gain is purposely low to make it easier to fre- 
quency compensate as an amplifier. The NPN output is 
capable of sinking 10mAand can drive loads connected to 
voltages in excess of the positive power supply. This is 
useful for driving switches or linear regulators off of a 
higher input voltage. 


Reference 


Internal to the LT1120 is a 2.5V trimmed class B output 
reference. The reference was designed to be able to 
source or sink current so it could be used in supply split· 
ting applications as well as a general purpose reference 
for external circuitry. The design of the reference allows it 
to source typically 4 or 5mA and sink 2mA. The available 
source and sink current decreases as temperature in· 
creases. It is sometimes desirable to decrease the AC out· 
put impedance by placing an output capacitor on them. 
The reference in the LT1020becomes unstable with large 
capacitive loads placed directly on it. When using an out· 
put capacitor, about 20n should be used to isolate the 
capacitor from the reference pin. This 20n resistor can be 
placed directly in series with the capacitor or alternatively 
the reference line can have20n placed in series with it and 
then a capacitor to ground. This is shown in Figure 1. 
Other 
than 
placing 
large 
capacitive 
loads 
on 
the 
reference, no other precautions are necessary and the 
reference is stable with nominal stray capacitances. 
1 


EFl1EF 


6 
6 
OUTPUT 
20 


+20rz 
OR 
+ 
OUTPUT 
T 10pF 
1'10PF 


Overload Protection 


The main regulator in the LT1120is current limited at ap· 
proximately 250mA. The current limit is stable with both 
input voltage and temperature. 


Like most other IC regulators, a minimum load is required 
on the output of the LT1120 to maintain regulation. For 
most standard regulators this is normally specified at 
5mA. Of course, for a micropower regulator this would be 
a tremendously large current. The output current must be 
large enough to absorb all the leakage current of the pass 
transistor at the maximum operating temperature. It also 
affects the transient response; low output currents have 
long recovery times from load transients. At high operat- 
ing temperatures the minimum load current increases and 
having too low of a load current may cause the output 
to go unregulated. Devices are tested for minimum load 
current at high temperature. The output voltage setting re- 
sistors to the feedback terminal can usually be used to 
provide the minimum load current. 


Frequency Compensation 
• 


The LT1120is frequency compensated by a dominant pole 
on the output. An output capacitor of 10jtF is usually large 
enough to provide good stability. Increasing the output 
capacitor above 10jtFfurther improves stability. In order to 
ensure stability, a feedback capacitor is needed between 
the output pin and the feedback pin. This is because stray 
capacitance can form another pole with the large value of 
feedback resistors used with the LT1120.Also, a feedback 
capacitor minimizes noise pickup and improves ripple 
rejection. 


With the large dynamic operating range of the output cur· 
rent, 10000:1,frequency response changes widely. Low AC 
impedance capacitors 
are needed to insure stability. 
While solid tantalum are best, aluminum electrolytics can 
be used but larger capacitor values may be needed. 


AT Av=100, 
SLEW RATE = +005V/"s 
-6V/"s 


R2 


C2 
T 


CI 


':" 


Av 
Rl 
Cl 
C2 
R2 
1 
3311 
O.I"F 
O.OOI"F 
10 
10011 0.047"F 
100k 
100 
10k 
0.002"F 
10k 


FEEDBACK 


GNO 


1 


5 


V/N 
VOUT 4 


"FOR CURRENT LIMIT 
=1.5A 


IMUST 
HAVE LOW 
ESR. SEVERAL 100"F 
CAPACITORS CAN BE 
PARALLELED. 


MAIN 
VIN 
5 
POWER 


INPUT 


INTERNAL 
PARASITIC 
DIDOES OF LT1120 
VIN-lI~ 
I~ I-VOUT 


5V 
OUTPUT 


NC 
• 


-TRANSISTOR 
USED BECAUSE OF LOW LEAKAGE CHARACTERISTICS. 


TO TURN OFF THE OUTPUT OF THE LT1120 
FORCE FB (PIN 2) 
>2.5V. 


-SETS 
CURRENT 
LIMIT 
BUT INCREASES 
DROPOUT VOLTAGE BY 
0.5V. 


I MUST 
HAVE LOW 
ESR. SEVERAL 
100,.1' 
CAPACITORS 
CAN BE 
PARALLELED. 


V,N 


COMPARATOR 
OUT 


• 


J Package 
a·Lead Ceramic MiniDIP 


o 325 ~~.~~~ 
I- 8 155 + 0'35)-1 
I 
-0.381 
I 


N Package 
a·Lead Plastic MiniDlP 


r-('~~)I 
0 


1 
f81 r7 
,1 f81 
I! 


0.250=*:0.010 


~O.254) 


1 
2 
3 
4 


0.045-0065 
0130*0.005 


(1.143_1.~51) 
(3302=*:0'1.17' 


0.065 
=tj.020 
(1.6511l--· 
(0.508) 
typ 
MIN 


0009-0.015 fJ 
0125 
(0.229-0.381) 
(3175) 


0.0<5.0.015 tj JL 
"IN 
(1.\4J±O.381) 
0.100=*:0.010 
O.018a&003 


(2540=*:0.254) 
(0457*0.076) 


H Package 
a·Lead TO·5 Metal Can 


0165-0185 
i4191-46991 
I 


REFERENCE 


0500-0750 
P\.J.NE 


(121t1-19051 
I 


• 
Guaranteed 1% Output Voltage Tolerance 
• 
Guaranteed max. 0.01%/V Line Regulation 
• 
Guaranteed max. 0.3% Load Regulation 
• 
Min. 1.5A Output Current 
• 
100% Burn-in in Thermal Overload 


• Wide Range Power Supplies 
• 
Constant Current Supplies 
• Voltage Programmable Supplies 


LTl17 AjLT317 A 
LM 117jLM31 7 


Positive Adjustable 
Regulator 


The LT117A Series are 3-terminal positive adjustable 
voltage regulators which offer improved performance 
over earlier devices. A major feature of the LT117A is 
the output voltage tolerance is guaranteed at a maxi- 
mum of ± 1%, allowing an overall power supply toler- 
ance to be better than 3% using inexpensive 
1% 
resistors. Line and load regulation performance has 
been improved as well. Additionally, the LT117A refer- 
ence voltage is guaranteed not to exceed 2% when op- 
erating over the full load, line and power dissipation 
conditions. The LT117A adjustable regulators offer an 
improved solution for all positive voltage regulator re- 
quirements with load currents up to 1.5 amps . • 
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PACKAGE/ORDER InFORmATion 


Power Dissipation 
Internally Limited 
Input to Output Voltage Differential . . . . . . . . .. 
40V 
Operating Junction Temperature Range 
LT117A/LM117 
-55°C 
to 150°C 
LT317A/LM317 
O°C to 125°C 
Storage Temperature Range 
LT117A1LM117 
-65°Cto 
150°C 
LT317A1LM317 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 


PRECOnDITiOninG: 


100% THERMAL LIMIT BURN-IN 


8OTIOMVEW 
ORDER 
BOTTOMVlEW 
ORDER 
~o 
PART NO C1~T 


PART NO. 


~ 
~ 
LT117AK 


01 
LT117 AH 
o 
ADJ 


~ASE 
LT317AK 
03 
2 
OUTPUT LT317AH 


K PA~AGE 
OUT~T 
LM 117K 
LM117H 


TO-3 
METAl 
CAN 
LM317K 


H PACKAGE 
LM317H 
(STEEL) 
10-39 
METAl 
CAN 


~ 


:_v. 
ORDER 
PART NO. 
=:: 
LT317AT 


I 
T PACKAGE 
LM317T 


CASE IS 
TO·220 
PLASTIC 


OUTPUT 


ELECTRICALCHARACTERISTICS(See note 1) LTl17AfLm 117 


LT117A 
LMl17 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VREF 
Reference 
Voltage 
louT ~ 
10mA 
TJ ~ 
25°C 
1.238 
1.250 
1.262 
V 


3V '" 
(V,N - 
VOUT) '" 
40V 
• 
1.225 
1.250 
1.270 
1.20 
1.25 
1.30 
V 
10mA 
'" 
louT ",Imax, 
P '" 
Pmax 


t.VOUT 
Line Regulation 
3V '" 
(VIN - 
VOUT) '" 
40V, (See 
"'6V;'" 
Note 2) 
0.005 
0.01 
0.01 
0.02 
'Io1V 
• 
0.01 
0.02 
0.02 
0.05 
'Io1V 


t.VOUT 
Load 
Regulation 
10mA 
'" 
lOUT'" 
Imax, 
(See Note 2) 


t.louT 
VOUT'" 
5V 
5 
15 
5 
15 
mV 
VOUT;;" 5V 
0.1 
0.3 
0.1 
0.3 
'10 


VOUT '" 
5V 
• 
20 
50 
20 
50 
mV 
VOUT ;;" 5V 
• 
0.3 
1 
0.3 
1 
'10 


Thermal 
Regulation 
TA 
- 
25°C, 
20msec 
Pulse 
0.002 
0.02 
0.03 
0.07 
'Io/W 


Ripple 
Rejection 
VOUT- 
10V, f - 
120Hz 
CAOJ = 0 
• 
65 
65 
dB 


CAOJ = 10IlF 
• 
66 
80 
66 
80 
dB 


IAOJ 
Adjust 
Pin Current 
• 
50 
100 
50 
100 
IlA 


t.IAOJ 
Adjust 
Pin Current 
Change 
10mA 
'" 
lOUT'" 
1m" 
2.5V 
'" 
(VIN - 
VOUT) '" 
40V 
• 
0.2 
5 
0.2 
5 
IlA 


Imin 
Minimum 
Load Current 
(VIN - 
VOUT) - 
40V 
• 
3.5 
5 
3.5 
5 
mA 


Current 
Limit 
(VIN - 
VOUT) '" 
15V 
K Package 
• 
1.5 
2.2 
1.5 
2.2 
A 
H Package 
• 
0.5 
0.8 
0.5 
0.8 
A 


(V'N - 
VOUT) ~ 
40V, Tj 
~ 
25°C 
K Package 
0.3 
0.5 
0.3 
0.4 
A 
H Package 
0.15 
0.2 
0.15 
0.2 
A 


t.VOUT 
Temperature 
Stability 
-55°C", 
T) '" + 150°C 
1 
2 
1 
'10 


t.Temp 


~ 
Long Term Stability 
TA - 
125°C 
0.3 
1 
0.3 
1 
'10 
t.Time 


en 
RMS Output 
Noise 
('10 of VOUT) 
TA 
25°C, 
10Hz", 
f '" 
10kHz 
0.001 
0.001 
'10 


aje 
Thermal 
Resistance 
H Package 
12 
15 
12 
15 
°C/W 
Junction 
to Case 
K Package 
2.3 
3 
2.3 
3 
°C/W 


LTl17 A/LT317 A 
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ELECTRICALCHARACTERISTICS(See note 1) lT317Aflm317 


LT317A 
LM317 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VREF 
Reference Voltage 
lour ~ 
10mA 
Tj = 25°C 
1.238 
1.250 
1.262 
V 


3V •• (V1N- 
Vol •• 40V 
• 
1.225 
1.250 
1.270 
1.20 
1.25 
1.30 
V 
10mA 
~ 
lOUT 
~ 
Imax• p ~ 
Pmax 


~ 
Line Regulation 
3V •• (V1N- 
Your) •• 40V. (See 


6V1N 
Note 2) 
0.005 
0.01 
0.01 
0.04 
'ioN 
• 
0.01 
0.02 
0.02 
0.07 
'ioN 
~ 
Load Regulation 
10mA •• lour" 
lmax• (See Note 2) 


610ur 
Vo •• 5V 
5 
25 
5 
25 
mV 


Vo'" 
5V 
0.1 
0.5 
0.1 
0.5 
'10 


Vo •• 5V 
• 
20 
50 
20 
70 
mV 


Vo'" 
5V 
• 
0.3 
1 
0.3 
1.5 
'10 


Thermal Regulation 
TA 
~ 
25°C. 20m see Pulse 
• 
0.002 
0.02 
0.04 
0.07 
'Io/W 


Ripple Rejection 
Vo ~ 
10V. 1 ~ 
120Hz 
CAOJ = 0 
65 
65 
dB 


CAOJ 
~ 
1Ol'F 
66 
80 
66 
80 
dB 
IAOJ 
Adjust Pin Current 
50 
100 
50 
100 
I'A 
61AOJ 
Adjust Pin Current Change 
10mA •• lour" 
lmax 


2.5V •• (V1N- 
Your) •• 40V 
• 
0.2 
5 
0.2 
5 
I'A 
Imin 
Minimum Load Current 
(V'N - 
Your) ~ 
40V 
• 
3.5 
10 
3.5 
10 
mA 


Current Limit 
(V1N- 
Vour) •• 
15V 
K and T Package 
• 
1.5 
2.2 
1.5 
2.2 
A 
H Package 
• 
0.5 
0.8 
0.5 
0.8 
A 


(V'N - 
Your) ~ 
40V. Tj ~ 
25°C 
K and T Package 
0.15 
0.4 
0.15 
0.4 
A 
H Package 
0.075 
0.2 
0.075 
0.2 
A 
~ 
Temperature Stability 
O°C •• Tj •• 
125°C 
1 
2 
1 
'10 
6Temp 


~ 
Long Term Stability 
TA 
~ 
125°C 
0.3 
1 
0.3 
1 
'10 
6Time 


en 
RMS Output Noise 
TA 
~ 
25°C. 10Hz •• 1 •• 
10kHz 
0.001 
0.001 
'10 


('10 01Your) 


ejc 
Thermal Resistance 
H Package 
12 
15 
12 
15 
°C/W 
Junction 
to Case 
K Package 
2.3 
3 
2.3 
3 
°C/W 
T Package 
4 
5 
4 
°C/W 
• 


The. 
denotes 
the 
specifications 
which 
apply 
over 
the full 
operating 
temperature 
range. 


Note 1: Unless 
otherwise 
specified, 
these 
specifications 
apply 
for 
V1N 
- 
VOUT = 5V; and 
lOUT = 0.1A 
for 
the TO-39 
and 
lOUT = 0.5A 
for 
the 
TO-3 
and 
TO-220 
packages. 
Although 
power 
dissipation 
is 
internally 
limited, 
these 
specifications 
are applicable 
for 
power 
dissipations 
of 2W for the TO-39, 
and 20W 
for the TO-3 
and TO-220. 


IMAXis 1.5A for the TO-3 
and 
TO-220 
packages 
and 
0.5A 
for the TO- 
39. 


Note 2: Regulation 
is measured 
at constant 
junction 
temperature. 
using 
pulse 
testing 
with 
a low duly 
cycle. 
Changes 
in output 
voltage 
due to 
heating 
effects 
are covered 
under 
the specification 
for thermal 
regulation. 
Load regulation 
is measured 
on the output 
pin at a point 
VO 


below 
the base of the K and 
H package 
and at the junction 
01 the wide 
and 
narrow 
portion 
of the lead on the T package. 
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i!! 
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30 
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75 
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~ 


60 


~ 


60 
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F= 
~ 
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i 


40 
0' 
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i 


v" 
- 
VOUT- 
5V 
il' 
50 


lOUT - 
500 mA 
V" ~ 
15V 
20 
f - 
120Hz 
20 
40 
V" 
~ 
15V 
Vour - 
10V 
Vour - 
10V 
Tj ~ 25°C 
louT ~ 0.5A 
f ~ 
120Hz 


0 
0 
30 


0 
10 
15 
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10k 
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1M 
0.01 
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0 
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g 
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g~ 
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u 
0 


10 
20 
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40 


TIME (.') 


General:The LT117A develops a 1.25V reference volt- 
age between the output and the adjustable terminal 
(see Figure 1).By placing a resistor, R1,betweenthese 
two terminals, a constant current is caused to flow 
through R1 and down through R2 to set the overall 
output voltage. Normally this current is the specified 
minimum load current of 5mA or 10mA. 


Figure 1 


Because IADJ is very small and constant when com- 
pared with the current through R1, it represents a 
small error and can usually be ignored. 


It is easily seen from the above equation, that even if 
the resistors were of exact value, the accuracy of the 
output is limited by the accuracy of VREF. Earlier ad- 
justable regulators had a reference tolerance of ± 4%. 
This tolerance is dangerously close to the ± 5% sup- 
ply tolerance required in many logic and analog sys- 
tems. Further, many 1% resistors can drift O.01%/oC 
adding another 1%to the output voltage tolerance. 


For example, using 2% resistors and ±4% 
toler- 
ance for 
VREF, 
calculations 
will 
show that 
the 
expected range of a 5V regulator design would be 
• 
4.66V ~ VOUT~ 5.36Vor approximately ± 7%. If the 
same example were used for a 15V regulator, the ex- 
pected tolerance would be ± 8%. With these results 
most applications require some method of trimming, 
usually a trim pot. This solution is both expensive and 
not conducive to volume production. 


One of the enhancements of Linear Technology's ad- 
justable regulators over existing devices is tightened 
initial tolerance. This allows relatively inexpensive 1% 
or 2% film resistors to be usedfor R1and R2while set- 
ting output voltage within an acceptable tolerance 
range. 


With a guaranteed 1% reference, a 5V power supply 
design, using ± 2% resistors, would have a worst 
case manufacturing tolerance of ± 4%. If 1% resistors 
were used, the tolerance would drop to ± 2.5%. A plot 
of the worst case output voltage tolerance as a func- 
tion of resistor tolerance is shown on the front page. 


LT117 A/LT317 
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For convenience, a table of standard 1% resistor val- 
ues is shown below. 


Table of V,% and 1%Standard Resistance Values 


1.00 
1.47 
2.15 
3.16 
4.64 
6.81 
1.02 
1.50 
2.21 
3.24 
4.75 
6.98 
1.05 
1.54 
2.26 
3.32 
4.87 
7.15 
1.07 
1.58 
2.32 
3.40 
4.99 
7.32 
1.10 
1.62 
2.37 
3.48 
5.11 
7.50 
1.13 
1.65 
2.43 
3.57 
5.23 
7.68 
1.15 
1.69 
2.49 
3.65 
5.36 
7.87 
1.18 
1.74 
2.55 
3.74 
5.49 
8.06 
1.21 
1.78 
2.61 
3.83 
5.62 
8.25 
1.24 
1.82 
2.67 
3.92 
5.76 
8.45 
1.27 
1.87 
2.74 
4.02 
5.90 
8.66 
1.30 
1.91 
2.80 
4.12 
6.04 
8.87 
1.33 
1.96 
2.87 
4.22 
6.19 
9.09 
1.37 
2.00 
2.94 
4.32 
6.34 
9.31 
1.40 
2.05 
3.01 
4.42 
6.49 
9.53 
1.43 
2.10 
3.09 
4.53 
6.65 
9.76 


Standard Resistance Values are obtained from the Decade Table 
by multiplying by multiples of 10. As an example, 1.21 can repre- 
sent 1.21Q, 12.1Q, 121Q, 1.21KQetc. 


BypassCapacitors:Input bypassing using a 1~F tanta- 
lum or 25~F electrolytic is recommended when the in- 
put filter capacitors are more than 5 inches from the 
device. Improved ripple rejection (80 dB) can be ac- 
complished by adding a 10~F capacitor from the ad- 
just pin to ground. Increasing the size of the capacitor 
to 20~F will help ripple rejection at low output voltage 
since the reactance of this capacitor should be small 
compared to the voltage setting resistor, R2. For im- 
proved AC transient response and to prevent the pos- 
sibility of oscillation due to unknown reactive load, a 
1~F capacitor is also recommended at the output. Be- 
cause of their low impedance at high frequencies, the 
best type of capacitor to use is solid tantalum. 


Protection Diodes:The LT117A/317A do not require a 
protection diode from the adjustment terminal to the 
output (see Figure 2). Improved internal circuitry 


"---')i~ 


eliminates the needfor this diode when the adjustment 
pin is bypassed with a capacitor to improve ripple 
rejection. 


If a very large output capacitor is used, such as a 
100~F shown in Figure 2, the regulator could be dam- 
aged or destroyed if the input is accidentally shorted 
to ground or crowbarred. This is due to the output ca- 
pacitor discharging into the output terminal of the reg- 
ulator. To prevent damage a diode 01 is recommended 
to safely discharge the capacitor. 


LoadRegulation:Because the LT117A is a three-termi- 
nal device, it is not possible to provide true remote 
load sensing. Load regulation will be limited by the re- 
sistance of the wire connecting the regulator to the 
load. For the data sheet specification, 
regulation is 
measured at the bottom of the package. Negative side 
sensing is a true Kelvin connection, with the bottom of 
the output divider returned to the negative side of the 
load. Although it may not be immediately obvious, best 
load regulation is obtained when the top of the divider 
is connected directly to the case not to the load. This 
is illustrated in Figure 3. If R1 were connected to the 
load, the effective resistance between the regulator 
and the load would be 


( 
R2 + R1) 
.... 
Rp X 
R1 
' Rp = Parasitic Lme ReSistance. 


Connected as shown, Rp is not multiplied by the divid- 
er ratio. Rp is about 0.0040 per foot using 16 guage 
wire. This translates to 4mV 1ft at 1A load current, so it 
important to keep the positive lead between regulator 
and load as short as possible. 


CONNECT 


RHO 
CASE 


Rl 


CONNECT R2 


TOLOAO 
Connections for Best Load Regulation 
Figure 3 


Optional - 
improves transient 


response 


• 
Needed if device is far from 
filler capactiors 


+24V 
TO Vpp 


Cl 
2491l 
1% 


REAl) 
"' 


WIIlTE 
7501l 


BYTE 
5' 
1% 


CHF 
12V 


""" 


READ 


~ 


39k 
3.24k 
1% 


TO DE 


BYTE ERASE 
1Bk 


~ 


ALL GATES 7406 


CHIP ERASE 
100k 


• C 1 IMPROVES RIPPLE REJECTION 
Xc SHOULD BE SMALL 
COMPARED TO R2 


21Vf 


7501l 


1% SELECT C FOR DESIRED RISE TIME 


2431l 
SOil 


THE~M~L'::. 
~E 
+ 


'-=- 
12V 


LTl17 A/LT317 A 
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01SO-077S 
~nI19J04-'908S) 


182SS 
80901 
0116 


~ 


"!l'" 
.... 
---.L 


0420-0490 
. 
. 
. 
i 
---. 
SEATMH\NE 


112168-12'921 
0.038-0043 
~t--IO.965-10i2J 


2MCll.MN3HO..ES 
0.151-0161 
(3.835-4.029) 
•.. 


Tjmax. 
/t", 
/t", 


117A 
117 
150°C 
35°CIW 
3°CIW 


317A 
125°C 
35°CIW 
3°CIW 
317 


0.180:::0005 


(4.572:::0127) 


0.050:t0.OO2 


(1.27:1:0.051) 


Tjlnax. 
/tja 
/tjc 


117A 
150°C 
150°CIW 
15°CIW 
117 


317A 


317 
125°C 
150°CIW 
15°CIW 


0.340%0.010 
1 
(8536".'~ 


01,. •.•:~ 
lUll 
I '.. 
.7. 


~540:tO'015~372L 


ooso 
m> 
0 105 
~~~:~ 


-0381 


(508:2:0254) 
0381 -0051 


• 
60V Operation 
• 
Guaranteed 1% Output Voltage Tolerance 
• 
Guaranteed max. 0.01%/V 
Line Regulation 
• 
Guaranteed max. 0.3% Load Regulation 
• 
Min. 1.5A Output Current 
• 
100% Burn-in in Thermal Overload 


• Wide Range Power Supplies 
• 
Constant Current Supplies 
• Voltage Programmable Supplies 


LTl17AHV/LT317AHV 
LM 117HV/LM317HV 


High Voltage 
Positive 
Adjustable 
Regulators 


DESCRIPTion 


The LT117AHV Series are 3-terminal positive adjustable 
voltage regulators which offer improved performance 
over earlier devices. A major feature of the LT117AHV is 
the output voltage tolerance is guaranteed at a maximum 
of ±1%. allowing an overall power supply tolerance to be 
better than 3% using inexpensive 1% resistors. Line and 
load regulation performance has been improved as well. 
Additionally, the LT117AHV reference voltage is guaran- 
teed not to exceed 2% when operating over the full load. 
line and power dissipation conditions. The LT117AHV 
adjustable regulators offer an improved solution for all 
positive voltage regulator requirements with load cur- 
rents up to 1.5 amps. For performance curves and ap- 
plications circuits see the LT117A series data sheet. • 
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LTl17 AHV/LT317 AHV 
LM 117HV/LM317HV 


PACKAGE/ORDER InFORmATion 


Power Dissipation. 
. . . . . . . . . . . . .. 
Internally Limited 
Input to Output Voltage Differential. 
60V 
Operating Junction Temperature Range 
LT117AHV/LM117HV 
-55°Cto150°C 
LT317AHV/LM317HV 
0°Cto125°C 
Storage Temperature Range 
LT117AHV/LM117HV 
-65°Cto150°C 
LT317AHV/LM317HV 
-65°Cto150°C 
Lead Temperature (Soldering, 
10sec.) 
300°C 


PREconDITiOninG: 


100% THERMAL 
LIMIT BURN-IN 


BOTTOMV(W 
ORDER 


ADJOVW 
PART NO. 
~ 
~ 
LT117AHVK 


CASE 
LT317 AHVK 


o 
~TPUT LM117HVK 


TOKa"~~G~AN 
LM317HVK 


(STEEL) 


BOTTOM 
VIEW 
ORDER 


Ct'-IN:~~L~~R7:~~~ 


03 °2 
LT317AHVH 


OUTPUTLM 117HVH 


HPACKAGE 
LM317HVH 


TO-39 
METAL CAN 


LT117AHV 
LM117HV 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VB" 
Relerence 
Voltage 
IDUT ~ 
10mA 
TJ 
~ 
25°C 
1.238 
1.250 
1.262 
V 


3V •• (V,N - 
VOUT) •• 60V 
• 
1.225 
1.250 
1.270 
1.20 
1.25 
1.30 
V 
10mA"'OUT"lmax, 
P •• Pmax 


~ 
Line Regulation 
3V •• (V,N - 
VOUT) •• 60V (See 


~V'N 
Note 2) 
0.005 
0.01 
0.01 
0.02 
%N 
• 
0.01 
0.02 
0.02 
0.05 
%N 
~ 
Load 
Regulation 
10mA 
•• 
lOUT" 
1m", 
(See Note 2) 
t.IDur 
VDUT •• 5V 
5 
15 
5 
15 
mV 


VDUT '" 
5V 
0.1 
0.3 
0.1 
0.3 
% 


VOUT •• 5V 
• 
20 
50 
20 
50 
mV 


VOUT '" 
5V 
• 
0.3 
1 
0.3 
1 
% 


Thermal 
Regulation 
TA ~ 
25°C. 
20m see Pulse 
0.002 
0.02 
0.03 
0.07 
%/W 


Ripple 
Rejection 
VOUT ~ 
10V, 1 = 120Hz 
CADJ ~ 
0 
• 
65 
65 
dB 


CADJ ~ 
lOItF 
• 
66 
80 
66 
80 
dB 


IADJ 
Adjust 
Pin Current 
• 
50 
100 
50 
100 
itA 


t.IADJ 
Adjust 
Pin Current 
Change 
10mA •• lOUT" 
lmax 


2.5V" 
(V,N - 
VOUT) •• 60V 
• 
0.2 
5 
0.2 
5 
itA 
Imin 
Minimum 
Load Current 
(V,N 
VOUT) - 
60V 
• 
3.5 
7 
3.5 
7 
mA 


Current 
Limit 
(V,N - 
Your) 
•• 
15V 
K Package 
• 
1.5 
2.2 
1.5 
2.2 
A 
H Package 
• 
0.5 
0.8 
0.5 
0.8 
A 


(V,N - 
VOUT) = 60V, Tj = 25°C 


K Package 
0.1 
0.1 
A 
H Package 
0.03 
0.03 
A 


t.Vour 
Temperature 
Stability 
-55°C 
•• T, •• + 150°C 
1 
2 
1 
% 
t.Temp 


~ 
Long 
Term Stability 
TA ~ 
125°C 
0.3 
1 
0.3 
1 
% 
t.Time 


en 
RMS Output 
Noise 
(% 01 VDur) 
TA - 
25°C, 
10Hz •• 1 •• 10kHz 
0.001 
0.001 
% 


9jc 
Thermal 
Resistance 
H Package 
12 
15 
12 
15 
°C/W 
Junction 
to Case 
K Package 
2.3 
3 
2.3 
3 
°C/W 


LTl17AHV/LT317AHV 
LM117HV/LM317HV 


LT317AHV 
LM317HV 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


V.E, 
Reference Voltage 
looT ~ 
10mA 
T; ~ 
25°C 
1.238 
1.250 
1.262 
V 


3V •• (V1N 
- 
Vol •• SOV 
• 
1.225 
1.250 
1.270 
1.20 
1.25 
1.30 
V 
10mA •• louT" 
lmax• 
P •• Pmax 


~ 
Line Regulation 
3V •• (VIN 
- 
VOUT)" 
60V (See 


tJ.V,N 
Note 2) 
0.005 
0.01 
0.Q1 
0.04 
%/V 
• 
0.Q1 
0.02 
0.02 
0.Q7 
%/V 
~ 
load 
Regulation 
10mA .;; lOUT';; lmax, (See Note 2) 


tJ.louT 
Vo';; 
5V 
5 
25 
5 
25 
mV 


Vo'" 
5V 
0.1 
0.5 
01 
0.5 
% 


Vo';; 
5V 
• 
20 
50 
20 
70 
mV 


Vo ." 5V 
• 
0.3 
1 
0.3 
1.5 
% 


Thermal Regulation 
TA ~ 
25°C, 20msec Pulse 
0.002 
0.02 
0.04 
0.07 
%/W 


Ripple Rejection 
Vo ~ 
10V, f ~ 
120Hz 
CAOJ~ 
0 
• 
65 
65 
dB 


CAOJ~ 
lOI'F 
• 
66 
80 
66 
80 
dB 


IAoJ 
Adjust 
Pin Current 
• 
50 
100 
50 
100 
I'A 


tJ.IAOJ 
Adjust 
Pin Current Change 
10mA •• lOUT" 
lmax 
2.5V" 
(V1N 
- 
VOUT)•• 60V 
• 
0.2 
5 
0.2 
5 
I'A 


Imin 
Minimum 
load 
Current 
(V IN - 
VOUT)= 60V 
• 
3.5 
12 
3.5 
12 
mA 


Current Limit 
(V,N 
- 
VOUT)" 
15V 
K Package 
• 
1.5 
2.2 
1.5 
2.2 
A 
H Package 
• 
0.5 
0.8 
0.5 
0.8 
A 


(VIN 
- 
VOUT)= 60V. TJ = 25°C 
K Package 
0.1 
0.1 
A 
H Package 
0.03 
0.03 
A 
~ 
Temperature 
Stability 
O°C .;; T; .;; 125°C 
1 
2 
1 
% 


.Hemp 


~ 
long 
Term Stability 
TA ~ 
125°C 
03 
1 
0.3 
1 
% 
tJ.Time 


en 
RMS Output Noise 
TA ~ 
25°C, 
10Hz.;; 
f .;; 
10kHz 
0.001 
0.001 
% 


(% of VooT) 


Eljc 
Thermal 
Resistance 
H Package 
12 
15 
12 
15 
°C/W 
Junction 
to Case 
K Packaoe 
2.3 
3 
2.3 
3 
°C/W 
• 


The. 
denotes 
the specifications 
which 
apply 
over the full operating 


temperature 
range. 


The shaded 
electrical 
specifications 
indicate 
those 
parameters 
which 


have been improved 
or guaranteed 
test limits 
provided 
for the first 
time. 


Nole 1: 
Unless 
otherwise 
specified, 
these 
specifications 
apply 
for 


(V1N 
- 
VOUT)= 5V: and 10UT= O.lA 
for the TO-39 
and IOUT=0.5A 
for the 


TO-3 package. 
Although 
power 
dissipation 
is internally 
limited, 
these 


specifications 
are applicabie 
for power 
dissipations 
of 2W for the TO-39, 


and 20W for the TO-3. 
IMAX is 1.5A for the TO-3 package 
and O.SA for 


the TO-39. 


Note 2: 
Regulation 
is measured 
at constant 
junction 
temperature, 
using 


pulse 
testing 
with 
a low duty cycle. 
Changes 
in output 
voltage 
due to 


heating 
effects 
are covered 
under 
the specification 
for thermal 
regulation. 


n...... 
00\6-0019 
U 
"-(0406-04831 


OIA3lEADS 


TJmax. 
0" 
O~ 


117AHV 
150°C 
35°CIW 
3°CIW 


117HV 


317AHV 


125°C 
35°CIW 
3°CIW 
317HV 


Tjmax. 
O~ 
O~ 


117AHV 
150°C 
150°CIW 
15°CIW 
117HV 


317AHV 


317HV 
125°C 
150°CIW 
15°CIW 


• 
Guaranteed 1% Initial Tolerance of Output Voltage 
• 3 Amp Output Current 
• 30 Watt 
• 
Full Internal Overload Protection 
• 
100% Burn-in in Thermal Limit 


• 
Local 5V Regulators 
• On Card Regulation 
• 
Lab Supplies 
• 
Instrumentation Supplies 


LT123A/LT323A 
LM 123/LM323 


5 Volt, 3 Amp 
Voltage Regulator 


DESCRIPTiOn 


The LT123A/LT323A is an improved version of the 
popular LM123/LM323 
5 Volt, 3 Amp Regulator. 


These new devices offer maximum initial output volt- 
age tolerance of 1% and maintain a maximum toler- 
ance of 3% over worst case operating conditions. Line 
and load regulation are also improved by a factor of 2. 
These tightened specifications easedesign and appli- 
cation problems since safety margins are improved. 
Also, error bUdgetsin other parts of the system can be 
expanded, and output voltages at the end of long sup- 
ply runs can be more accurately maintained. 


The LT123A/LT323A incorporates Linear Technol- 
ogy's advanced design, process and test techniques 
for improved quality and reliability over similar device 
••• 
types. Specifically, all devices are burned in by short- 
•• 
ing the output, thereby forcing the regulator into its 
current limit and eventually, thermal limit. This en- 
sures that all device protection features are function- 
al. A graph of the worst case output voltage, taking 
into account temperature, load and line variations, 
and power dissipation is shown below. For higher out- 
put current requirements, seethe LT1003, 5V, 5A reg- 
ulator data sheet. 


LT323A 
5V ± 1% 


VIN 
@3A 
VIN 
OUT 


2.01'F 
+ 
GND 
+1OI'F 


SOLID 
SOLID 


TANTALUM I 
ITANTALUM 


-=- 
-=- 
-=- 


?: 5.1 
w 
~ 
§? 
5.0 
0- 
~5 4.9 


-50 
-25 
0 
25 
50 
75 
100 
125 
150 


JUNCTION TEMPERATURE (OC) 


LT123A/LT323A 
LM 123/LM323 


ABSOLUTE mAXimum 
RRrlnGS 


Input Voltage. . . . . . . . . . . . . . . . . . . . . . .. 
20 Volts 
Power Dissipation 
Internally Limited 
Operating Junction Temperature Range 
LT123A/LM123 
-55°C 
to 150°C 
LT323A1LM323 
O°Cto 125°C 
Storage Temperature Range 
LT123A/LM123 
-65°C 
to 150°C 
LT323A/LM323 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 


PACKAGE/ORDER InFORmATiOn 


BOTTOM VIEW 
ORDER PART NO. 
D~ 


LT123AK 
. . 
1 
2 
LT323AK 
CASE 
o 
IS 
LM123K 
GROUND 


K PACKAGE 
10-3 METAl CAN 
LM323K 
(STEEL) 


CASE IS GND 
Voor 
LT323AT 


I 
I 


GND 
LM323T 


~ 
;J 


1 


T PACKAGE 
V. 


TO·220 
PlASTIC 


ELECTRICALCHARACTERISTICS(See note 1) 


LT123A 
LM123 


SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
UNITS 


VOUT 
Output 
Voltage 
T, ~ 
25°C, 
V,. 
~ 
7.5V, lOUT= 0 
4.95 
5.0 
5.05 
4.7 
5.0 
5.3 
V 


7.5V •• V,••• 
15V, T MI ••• 
T, •• 


TMAX 
o •• lOUT" 
3A, P •• 30W 
• 
4.85 
5.0 
5.15 
4.6 
5.4 
V 


t.VOUT 
Line Regulation 
T~ - 
25°C, 
7.5V •• V,••• 
15V 
5 
10 
5 
25 
mV 


t.V,. 
( ee Note 1) 


t.VOUT 
Load Regulation 
T, ~ 
25°C, 
V,. ~ 
7.5V 


t.IOIIT 
o •• lOUT" 
3A (See Note 1) 
25 
50 
25 
100 
mV 


10 
Quiescent 
Current 
7.5V •• V,••• 
15V, 0 •• lOUT" 
3A • 
12 
20 
12 
20 
mA 


en 
Output 
Noise Voltage 
T, - 
25°C, 
10Hz •• 1 •• 
100kHz 
40 
40 
p.Vrma 


1st 
Short 
Circuit 
T, - 
25°C, 


Current 
Limit 
V,. ~ 
15V 
3 
4.5 
3 
4.5 
A 
V,. ~ 
7.5V 
4 
6 
4 
5 
A 


Long Term Stability 
01 Output 
(See Note 3) 


Voltage 
35 
35 
mV 


8JC 
Thermal 
Resistance 
Junction 
to 
(See Note 3) 


Case 
K Package 
1.8 
2.5 
1.8 
°CfW 


The. 
denotes the specifications 
which apply over the full operating 
temperature 
range. 


Note 1: Load and line regulation 
are tested with pulsed low duty 
cycle techniques 
where pulse width.;; 
1msec and duty cycle.;; 
5%. 


Note 2: Tmin = -55°C 
for the LT123A1LM123 and DOCfor LT323A1 
LM323. Tmax 
~ 
15DoC for LT123A1LM123 and 125°C for LT323AI 
LM323. 


Note 3:Guaranteed, but not tested. 


LT123A/LT323A 
LM 123/LM323 


ELECTRICALCHARACTERISTICS(See note 
1) 


LT323A 
LM323 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VOUT 
Output Voltage 
Tj 
~ 
25°C, V,N~ 7.5V, lOUT~ 0 
4.95 
5.0 
5.05 
4.8 
5.0 
5.2 
V 


7.5V "" V,N"" 15V.TMIN"" TJ 
"" 
TMAX 
o "" lOUT"" 3A, P "" 30W (Note 2) • 
4.85 
5.0 
5.15 
4.75 
5.0 
5.25 
V 


IlVOUT 
Line Regulation 
T~~ 25°C, 7.5V "" V,N"" 15V 
5 
10 
5 
25 
mV 


IlV'N 
( ee Note 1) 
~ 
Load Regulation 
Tj 
~ 
25°C, V,N ~ 
7.5V 


III nUT 
o "" lOUT"" 3A (See Note 1) 
25 
50 
25 
100 
mV 


10 
QUiescent Current 
7.5V "" V,N"" 15V,0 "" lOUT"" 3A • 
12 
20 
12 
20 
mA 


en 
Output Noise Voltage 
T, = 25°C, 10Hz"" 
f "" 100kHz 
40 
40 
Jjvrms 


Isc 
Short Circuit 
Tj 
~ 
25°C, 
Current Limit 
V'N ~ 15V 
3 
4.5 
3 
4.5 
A 
V'N ~ 7.5V (SeeNote4) 
4 
6 
4 
5 
A 
Long Term Stability of Output 
(SeeNote3) 
Voltage 
35 
35 
mV 


8JC 
Thermal Resistance Junction to 
(SeeNote3) 
Case 
K Package 
1.8 
2.5 
1.8 
°C/W 
T Package 
2.5 
4.0 
3.0 
°C/W 


The. 
denotes the specifications 
which 
apply over the full operating 
temperature 
range. 


Nole 1: Load and line regulation 
are tested with pulsed low duty 
cycle techniques 
where pulse width,,;; 
1msec and duty cycle,,;; 
5%. 


Nole 2: T mi. = -55°C 
for the LT123A1LM123 
and O°C for LT323A1 
LM323. 
Tmax = + 150°C for LT123A1LM123 
and + 125°C for 
LT323A1LM323. 


Nole 3: Guaranteed, but not tested. 
Nole 4: Iscat V,N= 7.5V is 6A max for LM323T. 


~ 
2.0 
<i~f 
1.5 
" 
~ 
1.0 
~5 
~ 
0.5 
- 
- 


~ 
5.05 


;5 
~ 
5.00 
~ 
=>~ 
4.95 
o 
4.90 


o-n-w-~ 
0 
~ 
w n 
l00I~IW 


JUNCTION TEMPERATURE (OC) 


-50 
-25 
0 
25 
50 
75 
100 125 
150 


TEMPERATURE lOG) 


TYPICAL PERFORmAnCE 
CHARACTERISTICS 
Suggested Heat 
Peak Available Output Current 
Sink Thermal Resistance 


100 


10 
100 
lk 
10k 
lOOk 
1M 


FREOUENCY(Hz) 


f\ 


IL! 
150~_ 


CL-O.l"F 


\ 


Tj ~ 
25"C 
- 


i""'" 
I 
V 


0> 
5.0 


~;. 
2.5 


~~ 
:2> 
u~ 
~~ 
-2.5 
~~ 
§?§2 
5.0 


~~ 
~~ 
1.0 
5 
0.5 


Suggested Ileat 
Sink Thermal Resistance 


10 
15 
20 
25 
30 
35 


POWEROISSIPATION(WATTS) 


10 
100 
lk 
10k 
lOOk 
1M 


FREOUENCY(Hz) 


Quiescent Current 


14 
Tj ~ 
-55"C 


12 
l 
10 
\;;~ 
'5 
u~ 
zg 
~ 


12 
16 
20 


INPUT VOLTAGEM 


10 
15 
20 
25 
30 
35 


POWEROISSIPATION(WATTS) 


v" - 
10V 
Tj ~ 
25"C 


'\ 
.~CL ~ 
lO"F 
r, 
SOliO TANTAlUM 


"Q ~O.l"F 


-0.2 


g 
2 


~~~5 


Bypass Capacitors: The LT123A does not require an 
output capacitor fOJresistive loads. For almost all ap- 
plications, however, a 1~For larger solid tantalum ca- 
pacitor should be used at the output within 2" of the 
regulator to improve the output impedance at high fre- 
quencies. For applications where very low high fre- 
quency impedance is required, a 1O~Fsolid tantalum 
output capacitor is recommended. Total output ca- 
pacitance either local or distributed may be increased 
without limit. 


A 2~F or larger solid tantalum capacitor or a 25~F alu- 
minum capacitor, must be used at the input if the regu- 
lator is more than 4" away from the large rectifier 
capacitor. 


AvoidingGroundLoops:For best regulation, the ground 
pin of the LT123A should be tied directly to the load 
point as shown. This prevents excess drop in load 
voltage caused by load current flowing through the 
ground return lead. This is essentially a Kelvin con- 
nection for the low side of the regulator. A Kelvin con- 
nection 
cannot 
be made for the high output of 
regulator because only three pins are available on the 
package. Therefore, every attempt should be made to 
minimize the resistance between the output pin of the 
regulator and the load. #18 gauge hookup wire has a 
resistance of 0.006 ohms per foot. This translates to 
0.36% change in load voltage at full load current. The 
LT123A is specified at 1% maximum load regulation, 
so one foot of wire represents a significant loss of reg- 
ulation. If connectors are used, careful consideration 
must be given to contact resistance, especially if the 
connector is sUbjected to nasty ambients, vibration or 
multiple insertions. 
' 


LT123A/LT323A 


LM 123/LM323 


KEEPTHISRESISTANCE 
LOW 
(,,0.005\l) 
/ 


" 


HICURRENT 
PATH 


RawSupply:Transformer, diode, and capacitor selec- 
tion for the raw supply to the LT123A is very important 
be~~use of the conflicting requirements for reliability, 
efficiency, and resistance to "brown-out" 
conditions. 
High secondary voltage on the transformer will cause 
unnecessarily high power dissipation in the regulator. 
• 
Too Iowa secondary voltage will cause the regulator 
output to drop out of regulation with only a small re- 
duction in AC mains voltage. The following formula 
gives a good starting point for transformer selection. 
This formula assumes a center tapped transformer, 
using two rectifier diodes. 


where: 


VOUT 
= 5V 
Voo 
= Minimum 
input-output 
differential 
of the 
regulator 
VRECT = Rectifier 
forward 
drop at 310UT 
VRIP 
= V, pop capacitor 
ripple voltage 


"" (5.3 X 10- 


3 
) (lOUT) 
2C 


VNOM = Rated line voltage 
for the transformer 
(RMS) 
VLOW 
= Lowest 
expected 
line voltage 
(RMS) 
lOUT 
~ 
DC output 
current 


* 1.1 is a nominal 
load 
regulation 
factor 
for 
the 
transformer 


LT123A/LT323A 
LM 123/LM323 


APPLICATions InFoRmATion 


Example: 
louT = 2.5A, VOUT= 5V 
Assume: 
Voo = 2.5V, VRECT= 1.1V. C = 8,OOO!,F 
VNOM= 115V, VlOW = 0.88V 


VR1P= (5.3 X 
10-3) 
(2.5) = 0.83V 
2 (8 X 10-3) 


V 
= (5 + 2.5 + 1.1 + 0.83) 
(~) 
(11) 
RMS 
V2 
05' 


= 8.03 VRMS 


VRMS = (VOUT + Voo ~RECT 
+ VRIP)) 
(~:~:) 
(1.1*) 


IRMs = (loUT) (1.2) 


The filter capacitor should be at least2000J.LF per amp 
of load current to minimize capacitor heating and rip- 
ple voltage. The diodes should be rated at 5-6 amps 
even though their average current is only 1.5A at full 
rated load current. The reason for this is that although 
the average current is 1.5A, the RMS current is typi- 
cally twice this value. In addition, the diode must with- 
stand very high surge currents during power turn-on. 
This surge can be 10-20 times the DC rating of the 
supply, depending on capacitor size and wiring resis- 
tance and inductance. 


t 
Q2 AND D1 MUST WITHSTAND 
LARGE SURGE CURRENTS 
UNTIL THE 5A FUSE BLOWS. 
PEAK SURGE CURRENT 
IS 
LIMITED 
ONLY BY THE FUSE, 
WIRING, AND FILTER CAP 


RESISTANCE. 


tt 
TRIP POINT IS APPROXIMATELY 7.3V. 


THE 6.4V ZENER IS INTERNAL TO THE LT123A. 


Q1 MUST BE ABLE TO WITHSTAND CONTINUOUS CURRENTS 


OF 5A IF ADDITIONAL SYSTEM SHUTDOWN IS NOT USED. 


LT123A/LT323A 
LM 123/LM323 


• 


PACKAGE DESCRIPTion 
K Package 
STEEL METAL CAN 


I-- o"'-,,~1 
I 
(l9Jl1-19691T~ 
0320-0350 
P ~-3ol3) 
{81l-889) 
---.1 
t- 
I 


0420-0480 


l1067r219l 
0ll38-000 


----I~tO~-log1 


l1n-"97 
(29911-JlI40) 


t 


00'2.''''' 
1--10813~01211 


0100 .••0010 
(2~ 
.••0254J 


Tjmax. 
8~ 
8~ 


LT123AK 


UA123K 
150°C 
35°CIW 
1.8°CIW 


LT323AK 
125°C 
35°CIW 
1.8°CIW 
LM323K 


0110-01110 
(4JI8-.~n) 


o G45-0l1.>5 
(1143-1397) 


• 
Guaranteed 1% Initial Voltage Tolerance 
• 
Guaranteed 0.01%/V Line Regulation 
• 
Guaranteed 0.5% Load Regulation 
• 
Guaranteed 0.02%/W Thermal Regulation 
• 
100% Burn-in in Thermal Limit 


• Adjustable Power Supplies 
• System Power Supplies 
• 
Precision Voltage/Current RegUlators 
• On-Card Regulators 


LT137 A/LM 137 
LT337A/LM337 
Negative Adjustable 
Regulator 


The LT137A/LT337A negative adjustable regulators 
will deliver up to 1.5Amps output current over an out- 
put voltage range of -1.2V 
to - 37V. Linear Technol- 
ogy has made significant 
improvements in these 
regUlators compared to previous devices, such as bet- 
ter line and load regulation, and a maximum output 
voltage error of 1%. 


Every effort has been made to make these devices 
easy to use and difficult to damage. Internal current 
and power limiting coupled with true thermal limiting 
prevents device damage due to overloads or shorts, 
even if the regulator is not fastened to a heat sink. 


Maximum reliability is attained with Linear Technol- 
• 
ogy's advanced processing techniques combined with 
a 100% burn-in in the thermal limit mode. This as- 
sures that all device protection circuits are working 
and eliminates field failures experienced with other 
regUlators 
that 
receive 
only 
standard 
electrical 
testing. 


+ 
C3 
1.F 
Rl 
SOLID TANTAlUM 


1210 


• R2 ~ 
Rl (IVOUTI 
- 
1\ 


1.25V 
) 


12 


11 
§ 10 
~ 
9 


~ 
8 


~ 
7 


ffi 
w 
6 


~ : 
>- 
~ 
3 
5 
2 


1 
o 
4 
6 810 
20 
40 
100 


OUTPUT 
VOLTAGE 


ABSOLUTE mAXimum 
RATinGS 


Power Dissipation 
Internally Limited 
Input to Output Voltage Differential . . . . . . . . .. 
40V 
Operating Junction Temperature Range 
LT137A1LM137 
-55°C 
to 150°C 
LT337A1LM337 
O°C to 125°C 
Storage Temperature Range 
LT137A1LM137 
-65°C 
to 150°C 
LT337A1LM337 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 


PREconDITiOninG 


100% THERMAL LIMIT BURN-IN 


PACKAGE/ORDER InFORmATion 


BOTTOMVIEW 
ORDER 
BOTTOMVIEW 
ORDER 
a 
PART NO. a~ 


PART NO. 
AOJ 
Vour 
,- 


•• 
LT137AK 
2 {gl 
Vour LT137AH 


'2 
LM137K 
30 
VIN 
LM137H 


o 
CASEISV 
LT337AK 
CASEISINPUT 
LT337AH 


•• LM337K 
LM337H 


K PACKAGE 
H PACKAGE 


FRONTVIEW 
ORDER 
ff} 
::~~T 


PART NO. 


LT337AT 
-ADJ 
LM337T 
T PACKAGE 


ELECTRICALCHARACTERISTICS(See note 1) 


LT137A 
LM137 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
UNITS 


VREF 
Reference 
Voltage 
IV,.-VOUT I~ 5V. lOUT~ 
10mA. 


T, ~ 
25°C 
-1.238 
- 
1.250 
-1.262 
-1.225 
- 
1.250 
-1.275 
V 


3V •• I V,. - 
VOUT1 
•• 
40V 
10mA 
•• 
lOUT" 
IMAX, P •• 
PMAX • 


-1.220 
-1.250 
-1.280 
-1.200 
-1.250 
- 
1.300 
V 
~ 
Load Regulation 
10mA 
•• 
lOUT" 
IMAX,(See Note 2) 


~louT 
T, = 25°C, IVOUTI •• 
5V 
5 
25 
15 
25 
mV 


T, ~ 
25°C, IVOUTI '" 
5V 
0.1 
0.5 
0.3 
0.5 
% 


IVOUTI •• 
5V 
• 
10 
50 
20 
50 
mV 


IVouTI", 
5V 
• 
0.2 
1.0 
0.3 
1.0 
% 


~VOUT 
Line Regulation 
3V •• IV,.-vOUTI 
•• 40V, (See 


~V,. 
Note 2) 
T, ~ 
25°C 
0.005 
0.01 
0.01 
0.02 
%/V 
• 
0.01 
0.03 
0.02 
0.05 
%/V 


Ripple 
Rejection 
VOUT ~ 
-10V, 
f ~ 
120Hz 


CADJ = 0 
60 
66 
60 
dB 
CADJ ~ 
10jlF 
• 
70 
80 
66 
77 
dB 


Thermal 
Regulation 
T = 25°C, 
10msec 
Pulse 
0.002 
0.02 
0.002 
0.02 
%IW 


IAOJ 
Adjust 
Pin Current 
• 
65 
10ll 
65 
100 
jlA 


~IAOJ 
Adjust 
Pin Current 
Change 
10mA 
•• 
lOUT" 
IMAX 
• 
0.2 
2 
0.5 
5 
jlA 
3V •• V,. 
VOUT•• 40V 
• 
1.0 
5 
2 
5 
jlA 


Minimum 
Load Current 
Iv,.-vouTI 
•• 40V 
• 
2.5 
5.0 
2.5 
5.0 
mA 


IV,.-vOUTI 
•• 
10V 
• 
1.2 
3.0 
1.2 
3.0 
mA 
Isc 
Current 
Limit 
IV,.-vOUTI 
•• 
15V, 


K and T Package 
• 
1.5 
2.2 
3.2 
1.5 
2.2 
A 
H Package 
• 
0.5 
0.8 
1.5 
0.5 
0.8 
A 


IV,.-vOUTI 
~ 
40V, 


K and T Package 
0.24 
0.4 
1.0 
0.24 
0.4 
A 
T, ~ 
25°C 
H Package 
0.15 
0.25 
0.5 
0.15 
0.25 
A 


~VOUT 
Temperature 
Stability 
of Output 
~Temp 
Voltage 
(Note 
4) 
TM,••• 
T •• 
TMAX 
• 
0.6 
1.5 
0.6 
% 
~ 
Long Term Stability 
TA = 125°C, 
1000 Hours 
0.3 
1.0 
0.3 
1.0 
% 
~Time 


en 
RMS Output 
Noise 
TA = 25°C, 
10Hz •• f •• 
10kHz 
0.003 
0.003 
% 
(% of VOUT) 


6JC 
Thermal 
Resistance 
H Package 
12 
15 
12 
15 
°CIW 
Junction 
to Case 
K Package 
2.3 
3.0 
2.3 
3.0 
°CIW 


LT137A/LM 137 
LT337A/LM337 


ELECTRICALCHARACTERISTICS(See note 
1) 


LT337A 
LM337 
SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VREF 
RelerenceVoltage 
IV'N-vOlJTI ~ 5V, louT= 10mA, 


Tj ~ 
25°C 
-1.238 
-1.250 
-1.262 
-1.213 
-1.250 
-1.287 
V 


3V •• IV'N - 
vouTI •• 40V 
10mA •• lOUT" 1MAJ(,P •• PMAX • -1.220 
-1.250 
-1.280 
-1.200 
-1.250 
-1.300 
V 
~ 
Load Regulation 
10mA •• lOUT•• IMAX,(SeeNote2 & 
6.louT 
3) 
Tj ~ 
25°C, IVOUTI•• 5V 
5 
25 
15 
50 
mV 


Tj ~ 
25°C, IVouTI'" 
5V 
0.1 
0.5 
0.3 
1.0 
'10 


IVouTI •• 5V 
• 
10 
50 
20 
70 
mV 


IVouTI", 5V 
• 
0.2 
1.0 
0.3 
1.5 
'10 


~ 
Line Regulation 
3V •• IV'N- VOUTI •• 40V,(SeeNote 
6.V'N 
2) 
Tj ~ 
25°C 
0.005 
0.01 
0.01 
0.04 
'10 IV 
• 
0.01 
0.03 
0.02 
0.07 
'10 IV 


Ripple Rejection 
VOUT~ -10V, 
1 ~ 
120Hz 
CAOJ~ 0 
60 
66 
60 
dB 
CAOJ~ 10"F 
• 
70 
80 
66 
77 
dB 


Thermal Regulation 
T ~ 25°C, 10msecPulse 
0.002 
0.02 
0.003 
0.04 
'Io/W 


IAOJ 
Adjust Pin Current 
• 
65 
100 
65 
100 
"A 


6.IAOJ 
Adjust Pin Current Change 
lOmA •• lOUT" I;'j. 
• 
0.2 
2 
0.5 
5 
"A 
3V •• IV'N - 
VOUT•• 40V 
• 
1.0 
5 
2 
5 
"A 
Minimum Load Current 
IV'N-VOUTI•• 40V 
• 
2.5 
5 
2.5 
10 
mA 


V'N-vouTI •• 10V 
• 
1.2 
3 
1 
6 
mA 


Isc 
Current Limit 
IV'N-vouTI"15V, 


K and T Package 
• 
1.5 
2.2 
3.5 
1.5 
2.2 
A 
H Package 
• 
0.5 
0.8 
1.5 
0.5 
0.8 
A 


IV'N-vouTI ~ 40V, 


K and T Package 
0.24 
0.5 
1.0 
0.15 
0.4 
A 
Tj ~ 
25°C 
H Package 
0.15 
0.25 
0.5 
0.10 
0.17 
A 
~ 
Temperature Stability 01 Output 


6.Temo 
Voltage (Note 4) 
• 
0.6 
1.5 
0.6 
'10 


~ 
Long TermStability 
TA ~ 125°C, 1000 Hours 
0.3 
1.0 
0.3 
1.0 
'10 
6.Time 


en 
RMSOutput Noise 
TA= 25°C, 10Hz •• 1 •• 
10kHz 
0.003 
0.003 
'10 


('10 01 VOUT) 


8JC 
Thermal Resistance 
H Package 
12 
15 
12 
15 
°C/W 
Junction to Case 
K Package 
2.3 
3.0 
2.3 
3.0 
°C/W 
T Package 
3 
5 
3 
5 
°C/W 


The. 
denotes the specifications 
which apply over the full operating 
temperature 
range. 


The shaded electrical 
specifications 
indicate 
those parameters 
which have been improved 
or guaranteed 
test limits provided for the 
first 
time. 


Notel: 
Unless otherwise 
indicated, 
these specifications 
apply: 
IV,N - 
VOUTI ~ 5V; and lOUT= O.1A for the H package, 
lOUT= O.5A 
for the K and T packages. 
Power dissipation 
is internally 
limited. 


However, these specifications 
apply for power dissipation 
up to 2W 
for the H package 
and 20W for the K and T packages. 
IMAX = t5A 
for the K and T packages, 
and O.2A for the H package. 


Note 2: Testing 
is done using a pulsed low duty cycle technique. 
See 
thermal 
regUlation 
specifications 
for output 
changes 
due to heating 
effects. Load regulation 
is measured on the output 
pin at a point 1/S" 
below the base of the K and H package and at the junction 
of the 
wide and narrow 
portion 
of the lead on the T package. 
Note 3: Load Regulation 
for the LT337AT is the same as for LM337T. 


Note 4: Guaranteed on LT137A and LT337A, but not 100% tested in 
production. 


LT137A/LM 137 
LT337A/LM337 
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TEMPERATURE(0G) 


Ripple Rejection 
Ripple Rejection 
Ripple Rejection 


100 
100 
100 


80 
80 
80 
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.......•.., 
~ 
60 
z 
z 
60 
0 
60 
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20 
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VOUT- -10V 
f - 
120 Hz 
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0 
0 


0 
-10 
-20 
-30 
-40 
10 
100 
lk 
10k 
lOOk 
1M 
0.Q1 
0.1 
10 


OUTPUTVOLTAGE(V) 
FREQUENCY(Hz) 
OUTPUTCURRENT(AI 


101 


S 
100 


tJ 
~~ 10-1 
;li~e; 
::> 
0 
10-2 
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-The lT137A1337A has load regulation com- 


pensation which makes the typical unit read 
close 10 zero. This band represents the typi- 
cal produclion spread. 
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Output Voltage: 
The output voltage is determined by 
two external resistors, R1& R2(see Figure 1). The ex- 
act formula for the output voltage is: 


VOUT ~ 
VRel ( 1 + :~ ) + IADJ (Rz) 


Where: VRef = ReferenceVoltage, IADJ= Adjustment 
Pin Current. In most applications, the second term is 
small enough to be ignored, typically about 0.5% of 
VOUT• In more critical applications, the exact formula 
should be used, with IADJequal to 65~a. Solving for R2 
yields: 


R 
- 
VOUT - 
VRel 
2- 
VRel + I 
R;- 
ADJ 


Smaller values of R1and R2will reduce the influence of 
IADJon the output voltage, but the no-load current 
drain on the regulator will be increased. Typical values 
for R1 are between 100Q and 300Q, giving 12.5mA 
and 4.2mA no-load current respectively. There is an 
additional consideration in selecting R1,the minimum 
load current specification of the regulator. The operat- 
ing current of the LT137A flows from input to output. If 
this current is not absorbed by the load, the output of 
the regulator will rise above the regulated value. The 
current drawn by R1and R2is normally high enough to 


absorb the current, but care must be taken in no-load 
.,. 
situations where R1 and R2 have high values. The 
•• 
maximum value for the operating current, which must 
be absorbed, is 5mA for the LT137A. If input-output 
voltage differential is less than 10V,the operating cur- 
rent that must be absorbed drops to 3mA. 


+C, 
RZ 
-::- 
lO~F 
+ 
__ 
IADJ 
C3 


t 


l~F 
R1 


VREF! 
-VIN 
-Voor 


EXAMPLES: 


1. A precision 
10V regulator 
to supply 
up to 1Amp 
load current. 


a. Select 
R, = 100n to minimize 
effect 
of IADJ 


b. Calculate 
Rz ~ 
VOUT - 
VRel = 
10V - 
1.25V 
= 704n 


VRel _ I 
1.25V 
- 
65 
A 
R;- 
ADJ 
100n 
p. 


2. A 15V regulator 
to run off batteries 
and supply 
50mA. 


VIN MAX = 25V 


a. To minimize 
battery 
drain, 
select 
R, as high 
as possible 


R, = 1.25V 
= 417n, 
use 404n, 
1% 
3mA 


LT137A/LM137 
LT337A/LM337 


b. The high value for R, will exaggerate 
the error due to IAoJ, so 
the exact formula 
to calculate 
R2 should be used. 


R 


2 = Vour - 
VR,! _ 
15V - 
1.25V 
= 4539n 


VR,! _ I 
1.25V 
- 
65 x 
10-6 
Rl 
ADJ 
404n 


Use R2 = 4530n 


Capacitorsand Protection Diodes:An output capacitor, 
C3, is required to provide proper frequency compen- 
sation of the regulator feedback loop. A 1~For larger 
solid tantalum capacitor is generally sufficient for this 
purpose if the 1MHz impedance of the capacitor is 2Q 
or less. High Q capacitors, such as Mylar, are not rec- 
ommended because they tend to reduce the phase 
margin at light load currents. Aluminum electrolytic 
capacitors may also be used, but the minimum value 
should be 1O~Fto ensure a low impedance at 1MHz. 
The output capacitor should be located within a few 
inches of the regulator to keep lead impedance to a 
minimum. The following caution should be noted: if 
the output voltage is greater than 6Vand an output ca- 
pacitor greater than 20~F has been used, it is possible 
to damage the regulator if the input voltage becomes 
shorted, due to the output capacitor discharging into 
the regulator. This can be prevented by using diode 01 
(see Figure 2) betweenthe input and the output. 


The input capacitor, C2, is only required if the regula- 
to'r is more than 4 inches from the raw supply filter 
capacitor. 


BypassingtheAdjustmentPin:The adjustment pin of the 
LT137A may be bypassed with a capacitor to ground, 
C1, to reduce output ripple, noise, and impedance. 
These parameters scale directly with output voltage if 
the adjustment pin is not bypassed. A bypass capaci- 
tor reduces ripple, noise, and impedance to that of a 
1.25V regulator. In a 15V regulator for example, these 
parameters are improved by 15V/ 1.25V = 12 to 1. 
This improvement holds only for those frequencies 
where the impedance of the bypass capacitor is less 
than R1• Ten microfarads is generally sufficient for 
60Hz power line applications where the ripple fre- 
quency is 120Hz, since Xc = 130Q. The capacitor 
should have a voltage rating at least as high as the 
output voltage of the regulator. Values larger than 
10~F may be used, but if the output is larger than 25V, 
a diode, 02, should be added betweenthe output and 
adjustment pins (see Figure 2). 


ADJ 
v.. 
LT 137 A 
VOUT 


• D1 protects the regulator from input shorts to 
•• 
02 protects 
the adjust pin of the regulator 


ground. It is required only when C3 is larger 
from output shorts if C2 is larger than 10~F 
than 20,uF and Vour is larger than 6V. 
and Vour is larger than - 
25V. 


ProperConnectionof Divider Resistors:The LT137A has 
an excellent load regulation specification of 0.5% and 
is measured at a point 1/8" from the bottom of the 
package. To prevent degradation of load regulation, 
the resistors which set output voltage, R1 and R2, 
must be connected as shown in Figure 3. Notethat the 
positive side of the load has a true force and sense 
(Kelvin) connection, but the negative side of the load 
does not. 


lead resistance here does not 


/' 
affeclload 
regulation. 


"- 


Lead resistance 
here degrades 
load regulation. Minimize 
the length of this lead. 


R1 should be connected directly to the output lead of 
the regulator, as close as possible to the specified 
point 1/8" from the case. R2 should be connected to 
the positive side of the load separately from the posi- 
tive (ground) connection to the raw supply. With this 
arrangement, load regulation is degraded only by the 
resistance between the regulator output pin and the 
load. If R1 is connected to the load, regulation will be 
degraded. 


The output stability, load regulation, line regulation, 
thermal regulation, temperature drift, long term drift, 
and noise, can be improved by a factor of 6.6 over the 
standard regulator configuration. 
This assumes a 
zener whose drift and noise is considerably better 
than the regulator itself. The LM329B has 20PPM/oC 
maximum drift and about 10 times lower noise than 
the regulator. 


In the application shown below, regulators #2 to uN" 
will track regulator #1 to within ± 24mV initially, and 
to ±60mV over all load, line, and temperature condi- 
tions. If any regulator output is shorted to ground, all 
other outputs will drop to ::::::-2V. 
Load regulation of 
regulators 2 to UN" will be improved by VouT/1.25V 
compared to a standard regulator, so regulator #1 
should be the one which has the lowest load current. 
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-90811 
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VOl 
lT337 A Vour 


• Solid Tantalum 


•• 
A1 Of As may be trimmed slightly to improve tracking 
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PACKAGE DESCRIPTion 


K Package TO-3 STEEL Metal Can 


O.340:!:0010 
1 


~.536'02~ 
'14 


~"" 
'...,. 


II 


~540:!:O.OlS 


1 
~372:!:O,38') 
-OREFL 
"I 


(2.5hO.2S4) 
O_OlS~~.~ 


O.200:tO.010 
~ 


(S.08:tO.264) 
0.381-0,051 


r 
0.395-0.420 
(100J-l069~- 


O:!:O.O10 
Elf 


:!:O.2S4) 


.:!:oo015 


1:tO.381) 
I 


01 


(3.8 


0,41 
'" 


0,151:tO,002 


13.835:1:0.051) 
.. 


O.lBO±O.OO5 


(4.572:tO.127) 


0.050 
± 0.002 


(1.21::!:O.051) 


3-Lead Metal Can Package (H) 


~ 


0.350-0.370~ 
(S.89()-9,398).. 


---71 
0.305-0.335 I+-- 


:~~ 
, fl ""'.- 
II 


~~~ 


I'VOI 
00 .••• 
1 
~ 
~ 
~ 
•• 
l4tJ( 
0.016-0.019 (U. 
I 
OO·"'-O.483) 


0.760-0.775 
n 


1'9.304-,9,68S) 


0.325-0.350 


~.255-'.'9O}~1::1 


""" 
0.420-0.480 
. . 
: : ~SOTJ«>PlNE. 


,,, .••• -12 .•Il2}~ 
0.038-0.00 
-l t- (0.965-1.092) 


-L 


0.11~ 


0.105 
~~:~:~ 


2.657~~.~ 


TJ_ 
9x 


137A 
150°C 
15°CIW 
137 


337A 
125°C 
15°CIW 
337 


TJ_ 
9x 


137A 
150°C 
3°CIW 
137 


337A 
12SoC 
3°C/W 
337 


TJ_ 
9x 


337A 
125°C 
4°CIW 


337 
12SoC 
4°CIW 


• 
50V Operation 
• 
Guaranteed 1% Initial Voltage Tolerance 
• 
Guaranteed 0.01%/V 
Line Regulation 
• 
Guaranteed 0.5% Load Regulation 
• 
Guaranteed 0.02%/W 
Thermal 
Regulation 
• 
100% Burn-in 
in Thermal 
Limit 


• 
Adjustable 
Power Supplies 
• 
System Power Supplies 
• 
Precision 
Voltage/Current 
RegUlators 
• 
On-Card Regulators 


LT137AHV/LT337 AHV 
LM137HV/LM337HV 


High Voltage 
Negative 
Adjustable 
Regulators 


DESCRIPTiOn 


The LT137AHV/LM137HV 
negative high voltage ad- 
justable regulators will deliver up to 1.5 Amps output 
current 
over an output 
voltage 
range of 
-1.2V 
to 
-47V. 
Linear Technology 
has made significant 
im- 
provements 
in these fegulators 
compared to previous 
devices, such as better line and load regulation, and a 
maxiumoutput 
voltage error of 1% for the LT137AHV 
and LT337AHV. 


Every effort has been made to make these devices easy to 
use and difficult to damage. Internal current and power 
limiting 
coupled 
with 
true 
thermal 
limiting 
prevents 
device damage due to overloads or shorts, even if the 
regulator is not fastened to a heat sink. 


Maximum reliability is attained with Linear Technology's 
•• 
advanced processing techniques combined with a 100% 
•• 
burn-in in the thermal limit mode. This assures that all 
device protection circuits are working and eliminates field 
failures experienced with other regulators that receive 
only standard electrical testing. For performance curves 
and applications 
circuits 
see the LT137 A series data 
sheet. 
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ABSOLUTEmAXimum RATinGS 


Power Dissipation 
Internally Limited 
Input to Output Voltage Differential. 
. . . . . . . . . . .. 
50V 
Operating Junction 
Temperature 
Range 
LT137AHV/LM137HV 
-55°Cto150°C 
LT337AHV/LM337HV 
0°Cto125°C 
Storage Temperature 
Range 
LT137AHV/LM137HV 
-65°C 
to 150°C 
LT337AHV I LM337HV 
-65°C 
to 150°C 
Lead Temperature (Soldering, 
10sec.) 
300°C 


PREconDITiOninG 


100% THERMAL 
LIMIT BURN-IN 


PACKAGE/ORDER InFORmATion 


BOTTOMVIEW 
ORDER 
BOTTOMVIEW 
ORDER 
a 


PARTNO. a(O~ 
ADJ 
PART NO. 
ADJ 
VOUT 
'- 


•• 
LT137AHVK 
2 (0' 
VOUTLT137AHVH 


'2 
LT337AHVK 
3 0 
.' 
VIN LT337AHVH 


o 
CASEISV,NLM137HVK 
CASEISINPur 
LM137HVH 
LM337HVK 
LM337HVH 
K PACKAGE 
H PACKAGE 


lT137AHV 
lM137HV 


SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VREF 
Reference 
Voltage 
IV'N-Vourl~ 
5V.'ouT 
~ 
10mA. 


T, = 25'C 
- 
1238 
-1.250 
- 
1262 
- 
1225 
- 
1250 
- 
1275 
V 


3V .; IVIN - Vourl .; 50V 
10mA'; 
'our'; 
'MAX. P'; 
PMAX 
• 
- 1.220 - 
1.250 
- 
1.280 
- 
1.200 - 
1.250 - 
1.300 
V 


~Vour 
load 
Regulation 
10mA <; 'ouT <; IMAx,(See Note 2) 
~louT 
Tj 
~ 
25'C.lvouTI 
<; 5V 
5 
25 
15 
25 
mV 


Tj 
~ 
25'C.lvourl" 
5V 
0.1 
0.5 
0.3 
0.5 
% 


IVourl<;5V 
• 
10 
50 
20 
50 
mV 


IVourl 
•• 5V 
• 
0.2 
10 
0.3 
1.0 
% 


~Vour 
line 
Regulation 
3V'; 
IV,N - Vourl'; 
50V (See 
~V,. 
Note 2) 


Tj = 25'C 
0.005 
0.01 
0.01 
0.02 
%/V 
• 


0.01 
0.03 
002 
005 
%/V 


Ripple Rejection 
Your = -10V. 
1 = 120Hz 
CAoJ ~ 
0 
60 
60 
dB 
CAOJ~ 
10~F 
• 
70 
80 
66 
77 
dB 


Thermal 
Regulation 
T - 
25'C, T -2ms 
to 12ms 
0.002 
002 
0002 
0.02 
%/W 


IAOJ 
Adjust 
Pin Current 
• 
65 
100 
65 
100 
~A 


~IAOJ 
Adjust 
Pin Current 
Change 
lamA'; 
'our'; 
'MAX 
• 
0.2 
2 
0.5 
5 
~A 


2.5V'; 
IV,N - Vourl'; 
50V 
• 
2 
6 
3 
6 
~A 


Minimum 
load 
Current 
IV,N 
Vourl'; 
50V 
• 
2.5 
5.0 
2.5 
50 
mA 


IVIN - Vourl'; 
10V 
• 
1.2 
3.0 
12 
3.0 
mA 


Isc 
Current 
limit 
IVIN 
Vourl';13V 
K Package 
• 
15 
2.2 
32 
15 
2.2 
32 
A 
H Package 
• 
0.5 
0.8 
1.6 
0.5 
0.8 
1.6 
A 
IV,• - Vourl = 50V 


K Package 
0.2 
0.4 
0.8 
0.2 
0.4 
0.8 
A 
Tj = 25°C 
H Package 
0.1 
0.17 
as 
0.1 
0.17 
0.5 
A 


~Vour 
Temperature 
Stability 
01 Output 


~Temp 
Voltage 
(Note 
3) 
TMI. <; T <; TMAX 
• 
0.6 
1.5 
06 
% 


~Vour 
Long Term Stability 
TA ~ 
125'C, 
1000 Hours 
0.3 
1.0 
0.3 
1.0 
% 
~Time 


en 
RMS Output 
Noise 
TA - 
25°C. 
10Hz <; 1 <; 10kHz 
0.003 
0.003 
% 
(% of VOUT) 


0JC 
Thermal 
Resistance 
H Package 
12 
15 
12 
15 
'C/W 


Junction 
to Case 
K Package 
2.3 
3.0 
2.3 
3.0 
'C/W 


LT137AHV/LT337 AHV 
LM137HV/LM337HV 


lT337AHV 
lM337HV 


SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VRE, 
Reference Voltage 
IV'N-Vourl 
~ 
5V, lour ~ 
lOrnA, 


Tj ~ 
25°C 
-1.238 
-1,250 
-1.262 
-1.213 
-1.250 
-1.287 
V 


3V';; 
IVIN - 
Vourl';; 
50V 
10mA';; 
lour';; 
IMAX, 
P';; PMAX 
• 
-1.220 
-1.250 
-1.280 
-1.200 
- 
1250 
- 
1.300 
V 


-,Vour 
load 
Regulation 
10mA", 
I our'" 
I MAX (See Note 
~ 
2) 


Ti ~ 
25°C, IVour I,. 5V 
5 
25 
15 
50 
mV 


Tj ~ 
25°C, !vourl 
'" 
5V 
0.1 
0.5 
0.3 
1.0 
% 


IVourl,. 
5V 
• 
10 
50 
20 
70 
mV 


IVourl", 
5V 
• 
0.2 
1.0 
0.3 
1.5 
% 


~ 
Line Regulation 
3V", 
IV,N 
- 
Vourl '" 50V (See 


-,V,N 
Note 2) 


Ti ~ 25°C 
0.005 
0.01 
0.01 
0.04 
%/V 
• 
0.01 
0.03 
002 
007 
%/V 


Ripple Rejection 
Your - 
- 
10V, f - 
120Hz 
CAOJ 
~ 
0 
60 
60 
dB 


CAOJ 
~ 
lO~F 
• 
70 
80 
66 
77 
dB 


Thermal Regulation 
T ~ 
25°C, T = 2ms to 12ms 
0.002 
0.04 
0.003 
0.04 
%/W 


IAOJ 
Adjust Pin Current 
• 
65 
100 
65 
100 
~A 


-,IAOJ 
Adjust Pin Current Change 
10mA", 
lour'" 
IMAX 
• 


0.2 
2 
2 
5 
~A 


2.5V '" IV,N 
- 
Vourl '" 50V 
• 
2 
6 
3 
6 
~A 


Minimum Load Current 
!V,N-Vour!" 
40V 
• 
2.5 
5 
2.5 
10 
mA 


IV,N-Vour!" 
10V 
• 
1.2 
3 
1 
6 
mA 


Isc 
Current Limit 
IV,N 
- 
Vourl '" 13V 
K Package 
• 
1.5 
22 
3.5 
1.5 
2.2 
35 
A 
H Package 
• 
0.5 
0.8 
1.8 
0.5 
0.8 
1.8 
A 
IV1N - 
Vourl = 50V 


K Package 
0.1 
0.4 
0.8 
0.1 
0.4 
0.8 
A 
H Package 
0.05 
0.17 
0.5 
0.05 
0.17 
0.5 
A 


~ 
Temperature 
Stability 
of Output 


-'Temp 
Voltage (Note 3) 
• 
0.6 
1.5 
0.6 
% 


-,Vour 
Long Term Stability 
TA 
~ 
125°C, 1000 Hours 
0.3 
1.0 
03 
10 
% 
-'Time 


eo 
RMS Output Noise 
TA 
- 
25°C, 10Hz,. 
f ,. 
10kHz 
0.003 
0.003 
% 


(% of Your) 


eJC 
Thermal Resistance 
H Package 
12 
15 
12 
15 
°C/W 


Junction 
to Case 
K Package 
2.3 
3.0 
2.3 
3.0 
°C/W 


The. 
denotes 
the specifications 
which 
apply 
over the full operating 


temperature 
range. 


The shaded 
electrical 
specifications 
indicate 
those parameters 
which 


have been improved 
or guaranteed 
test limits 
provided 
for the first time. 


Note 1: 
Unless 
otherwise 
indicated, 
these specifications 
apply: 


IV,N - 
VouTI = 5V; and lOUT = O.lA 
for the H package, 
lOUT = O.5A 
for the K package. 
Power dissipation 
is internally 
limited. 
However, 
these 


specifications 
apply for power dissipation 
up to 2W for the H package 


and 20W for the K package. 
IMAX = 1.5A for the K package, 
and O.2A 


for the H package. 


Note 2: 
Testing 
is done using 
a pulsed 
low duty cycle technique. 
See 


thermal 
regulation 
specifications 
for output 
changes 
due to heating 


effects. 
Load regulation 
is measured 
on the output 
pin at a point 


1/8 
inch below the base of the K and H package. 


Note 3: 
Guaranteed 
on the LT137AHV 
and LT337AHV, 
but not 100% 


tested 
in production 


LT137AHV/LT337 AHV 
LM137HV/LM337HV 


PACKAGE DESCRIPTion 


K Package TO-3 STEEL Metal Can 


f 
0320-0.350 
1813F 


0.420-0480 
(1067-12.19) 


* 


r(~::=:·:)1 
DIA 
·'T·l~::'. 
(4.191-4.70} 
DlA 
11.2'7Oi 


~ 


osoo 
~ 


(12.70) 
~ 
~ 
MIH 
~ 
~ 
(0.406-0483) 
DIAJLEAOS 
0.200 
(5.080) 


TJf.W( 
8JC 


137AHV 
150°C 
3°CIW 
137HV 


337AHV 
125°C 
3°CIW 
337HV 


TJ""'" 
8JC 


137AHV 
150·C 
15°CIW 
137HV 


337AHV 
125°C 
15°CIW 
337HV 


• 
Guaranteed 1% Initial Tolerance 
• 
Guaranteed 0.3% Load Regulation 
• 
Guaranteed 5 Amp Output Current 
• 
100% Thermal Limit Burn-in 
• 
12 Amp Transient Output Current 


• 
High Power Linear Regulator 
• 
Battery Chargers 
• 
Power Driver 
• 
Constant Current Regulator 


LT138A/LT338A 
LM 138/LM338 
5 Amp Positive Adjustable 
Voltage Regulator 


DESCRIPTiOn 


The LT138A series of adjustable regulators provide 5 
amps output current over an output voltage range of 
1.2 volts to 32 volts. The internal voltage reference is 
trimmed to less than 1%, enabling a very tight output 
voltage. In addition to excellent line and load regUla- 
tion, with full overload protection, the LT138A incor- 
porates new current limiting circuitry allowing large 
transient load currents to be handled for short peri- 
ods. Transient load currents of up to 12 amps can be 
supplied without limiting, eliminating the need for a 
large output capacitor. 


The LT138A is an improved version of the popular 
LM138 with improved circuit design and advanced 
process techniques to provide superior performance 
••• 
and reliability. 
•• 


The graph below shows the significant improvement 
in output voltage tolerance achieved by using the 
LT138A or LT338A. 
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OUTPUT VOLTAGE 


Power Dissipation 
Internally Limited 
Input to Output Voltage Differential . . . . . . . . .. 
35V 
Operating Junction Temperature Range 
LT138A/LM138 
" 
-55°C 
to 150°C 
LT338A/LM338 
O°Cto 125°C 
Storage Temperature Range 
LT138A/LM138 
-65°C 
to 150°C 
LT338A/LM338 
" 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


PACKAGE/ORDER InFORmATiOn 


ORDER PART NUMBER 


LT138AK 


LT338AK 


LM138K 


LM338K 


K PACKAGE 
TQ·3foI:TALCAN 
(STEEL) 


ELECTRICALCHARACTERISTICS(See note 1) 


lT138A 
LM138 
SYM80L 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VREF 
Relerence 
Voltage 
louT ~ 
10mA 
Tj 
- 
25°C 
1.238 
1.250 
1.262 
V 


3V •• 
(V,. 
- 
Your) 
•• 35V 
• 
1.225 
1.250 
1.270 
1.19 
1.24 
1.29 


10mA 
•• 
lOUT" 
5A, P •• 50W 
V 
~ 
Line Regulation 
3V •• 
(V,. 
- 
VOUT) •• 35V. (See 


6V,. 
Note 2) 
TA ~ 
25°C 
0.005 
0.Q1 
0.005 
0.01 
'ioN 
• 
0.02 
0.04 
0.02 
0.04 
'ioN 
~ 
Load Regulation 
10mA 
•• 
lOUT" 
5A, (See Note 2) 


610uT 
TA ~ 
25°C 
Your •• 5V 
5 
15 
5 
15 
mV 
Your ••• 5V 
0.1 
0.3 
0.1 
0.3 
'10 


Your •• 
5V 
• 
20 
30 
20 
30 
mV 
Your ••• 5V 
• 
0.3 
0.6 
0.3 
0.6 
'10 


Thermal 
Regulation 
TA ~ 
25°C. 
20msec 
pulse 
0.002 
0.Q1 
0.002 
0.Q1 
'Io/W 


Ripple 
Rejection 
VOUT ~ 
10V, 1 ~ 
120Hz 
CAOJ ~ 
0 
• 
60 
60 
dB 
CAOJ ~ 
lOItF 
• 
60 
75 
60 
75 
dB 


1,0J 
Adjust 
Pin Current 
• 
45 
100 
45 
100 
itA 


61,oJ 
Adjust 
Pin Current 
Change 
10mA 
•• 
lour" 
5A, 


3V •• 
(V,.-VOUT) 
•• 
35V 
• 
0.2 
5 
0.2 
5 
itA 


Minimum 
Load Current 
(V,. 
- 
Your) 
- 
35V 
• 
3.5 
5 
3.5 
5 
mA 
Isc 
Current 
Limit 
(V,. 
- 
Your) 
•• 
10V 
DC 
• 
5 
8 
5 
8 
A 
0.5ms 
peak 
• 
7 
12 
7 
12 
A 


(V,. 
- 
VOUT) ~ 
30V. T, ~ 
25°C 
1 
1 
A 
~ 
Temperature 
Stability 
• 
1 
2 
1 
'10 
6Temp 


6Vour 
Long Term Stability 
T, 
~ 
125°C. 
1000 Hours 
0.3 
1 
0.3 
1 
'10 
6Time 


en 
RMS Output 
Noise 
T, 
~ 
25°C, 
10Hz •• 1 •• 
10kHz 
0.001 
0.003 
'10 


('10 01 VOUT) 


8JC 
Thermal 
Resistance 
K Package 
1 
1 
°C/W 
Junction 
to Case 


LT138A/LT338A 
LM 138/LM338 


ELECTRICALCHARAOERISTICS (See note 
1) 


LT338A 
LI338 
SYI80L 
PARAIETER 
CO.OITIO.S 
II. 
TYP 
lIAX 
II. 
TYP 
lIAX 
U.ITS 


VREF 
Reference Voltage 
lour ~ 10mA 
TA= 25°C 
1.238 
1.250 
1.262 
V 


3V ••• (V,N- 
Your) ••• 35V 
• 
1.225 
1.250 
1.270 
1.19 
1.24 
1.29 
10mA ••• lour'" 
5A. P ••• 50W 
V 
~ 
Line Regulation 
3V ••• (V,N- 
Your) ••• 35V. (see 


~V'N 
Note 2) 
TA ~ 25°C 
0.005 
0.01 
0.005 
0.03 
'ioN 
• 
0.02 
0.04 
0.02 
0.06 
'ioN 


~ 
Load Regulation 
10mA ••• lour'" 
5A, (SeeNote 2) 
~ our 
TA ~ 25°C 
Your ••• 5V 
5 
15 
5 
25 
mV 
Your ••• 5V 
0.1 
0.3 
0.1 
0.5 
'10 


Vour ••• 5V 
• 
20 
30 
20 
50 
mV 
Vour'" 
5V 
• 
0.3 
0.6 
0.3 
1 
'10 


Thermal Regulation 
TA ~ 25°C, 20msec Pulse 
0.002 
0.02 
0.002 
0.02 
'Io1W 


Ripple Rejection 
Your ~ 10V,f ~ 120Hz 
CAOJ= 0 
• 
60 
60 
dB 
CAOJ~ 10"F 
• 
60 
75 
60 
75 
dB 


IAOJ 
Adjust Pin Current 
• 
45 
100 
45 
100 
"A 


~IAOJ 
Adjust Pin Current Change 
10mA ••• lour ••• 5A, 


3V ••• (V'N-Vour) •• 35V 
• 
0.2 
5 
0.2 
5 
"A 
Minimum Load Current 
(V'N - 
Your) - 
35V 
• 
3.5 
10 
3.5 
10 
mA 
Isc 
Current Limit 
(V'N - 
Your) ••• 10V 
DC 
• 
5 
8 
5 
8 
A 
0.5ms peak 
• 
7 
12 
7 
12 
A 


(V'N - 
Your) = 3OV.T, - 
25°C 
1 
2 
1 
A 
~ 
Temperature Stability 
• 
1 
2 
1 
'10 
~Temp 


~ 
Long Term Stability 
TA ~ 125°C, 1000 Hours 
0.3 
1 
0.3 
1 
'10 
~Time 


en 
RMS Output Noise 
TA - 
25°C. 10Hz ••• f ••• 10kHz 
0.001 
0.003 
'10 
('10 of Your) 


9JC 
Thermal Resistance 
K Package 
1 
1 
°CIW 
Junction to Case 


The. 
denotes the specifications 
which apply over the full operating 
temperature 
range. 


Not. 1: Unless otherwise 
specified, 
these specifications 
apply: 


V1N- 
VOUT= SVand 
lOUT= 2.SA. These specifications 
are 
applicable 
for power dissipations 
up to SOW. 


Not. 2: See thermal 
regulation 
specifications 
for changes 
in output 
voltage 
due to heating 
effects. 
Load and line regulation 
are 
measured 
at a constant 
junction 
temperature 
by low duty cycle 
pulse testing. 


LT138A/LT338A 
LM 138/LM338 


-lOUT 
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lOUT 
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•.•... 


"': 
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INPUT-OUTPUT OIFFERENTlAlM 


~~ 
10~F 


CAQJ - 
0 


V" ~ 
15V 
VOUT ~ 
10V 


f - 
120Hz 


TeASE ~ 
25°C 


~ 
70 


g 


~ 
60 


'"i 50 


LT138A/LT338A 
LM 138/LM338 
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INPUT· OUTPUT 
DIFFERENTIAL 
IV) 


V•• ~ 
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2 
VOUT~ 
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TCAS< ~ 
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VOUT~ 
10V 


'OUT ~ 
SO mA 


TJ ~ 
2SoC 


10 
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40 


TIME (ps) 


1.0 
10 


TIME Ims) 


I 


Ct. ~ 
O,CADJ ~ 
0" 
I 
... 
roo'" /"Cl 
- 
1 ~F, CADJ- 
10 ~F 
I 
V,N ~ 
lSV 
VOUT- 
10V 
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~ -1 
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'";::-6 
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General 


The LT138A develops a 1.25V reference voltage be- 
tween the output and the adjustable terminal (see Fig- 
ure 1). By placing a resistor, R1, between these two 
terminals, 
a constant 
current 
is caused to flow 
through R1 and down through R2 to set the overall 
output voltage. Normally this current is the specified 
minimum load current of 5mA or 10mA. Because IADJ 
is very small and constant when compared with the 
current through R1, it represents a small error and can 
usually be ignored. It is easily seen from the output 
voltage equation, that even if the resistors were of ex- 
act value, the accuracy of the output is limited by the 
accuracy of VREF.Earlier adjustable regulators had a 
reference tolerance of ±4% which is dangerously 


VOUT = VREF 
( 1 + :~ ) + IADJ R2 


Basic Adjustable Regulator 
Figure 1 


close to the ± 5% supply tolerance required in many 
logic and analog systems. Further, even 1% resistors 
can drift O.01%/oC, adding additional error to the out- 
put voltage tolerance. 


LT138A/LT338A 
LM 138/LM338 


For example, using 2% resistors and ± 4% toler- 
ance for 
VREF, calculations 
will 
show that 
the 
expected range of a 5V regulator design would be 
4.66V .;; VOUT .;; 5.36Vor approximately ± 7%. If the 
same example were used for a 15V regulator, the ex- 
pected tolerance would be ±8%. With these results 
most applications required some method of trimming, 
usually a trim pot. This solution is both expensive and 
not conducive to volume production. 


One of the enhancements of Linear Technology's ad- 
justable regulators over existing devices is the tight- 
ened initial tolerance of VREF.This allows relatively 
inexpensive 1% or 2% film resistors to be used for R1 
and R2 to set the output voltage within an acceptable 
tolerance. 


With a guaranteed 1% reference, a 5V power supply 
design, using ± 2% resistors, would have a worst 
case manufacturing tolerance of ±4%. If 1%resistors 
are used, the tolerance will drop to ±2.5%. A plot of 
the worst case output voltage tolerance as a function 
of resistor tolerance is shown on the front page. 


For convenience, a table of standard 1% resistor val- 
ues is shown below. 


Table of V,% and 1% Standard 
Resistance 
Values 


1.00 
1.47 
2.15 
3.16 
4.64 
6.81 
1.02 
1.50 
2.21 
3.24 
4.75 
6.98 
1.05 
1.54 
2.26 
3.32 
4.87 
7.15 
1.07 
1.58 
2.32 
3.40 
4.99 
7.32 
1.10 
1.62 
2.37 
3.48 
5.11 
7.50 
1.13 
1.65 
2.43 
3.57 
5.23 
7.68 
1.15 
1.69 
2.49 
3.65 
5.36 
7.87 
1.18 
1.74 
2.55 
3.74 
5.49 
8.06 
1.21 
1.78 
2.61 
3.83 
5.62 
8.25 
1.24 
1.82 
2.67 
3.92 
5.76 
8.45 
1.27 
1.87 
2.74 
4.02 
5.90 
8.66 
1.30 
1.91 
2.80 
4.12 
6.04 
8.87 
1.33 
1.96 
2.87 
4.22 
6.19 
9.09 
1.37 
2.00 
2.94 
4.32 
6.34 
9.31 
1.40 
2.05 
3.01 
4.42 
6.49 
9.53 
1.43 
2.10 
3.09 
4.53 
6.65 
9.76 


Standard 
Resistance 
Values are obtained 
from the Decade Table 
by multiplying 
by multiples 
of 10. As an example, 
1.21 can repre- 


sent 1.21fl, 12.1fl, 121fl, 1.21Kfl etc. 


Bypass Capacitors 


Input bypassing using a 1J1.Ftantalum or 25J1.Felectro- 
lytic is recommended when the input filter capacitors 
are more than 5 inches from the device. Improved rip- 
ple rejection (80 dB) can be accomplished by adding a 


10Jl.Fcapacitor from the adjust pin to ground.lncreas- 
ing the size of the capacitor to 20Jl.Fwill help ripple 
rejection at low output voltage since the reactance of 
this capacitor should be small compared to the voltage 
setting resistor, R2. For improved AC transient re- 
sponse and to prevent the possibility of oscillation due 
to unknown reactive load, a 1J1.Fcapacitor is also rec- 
ommended at the output. Because of their low imped- 
ance at high frequencies, the best type of capacitor to 
use is solid tantalum. 


Protection Diodes 
The LT138A/338A do not require a protection diode 
from the adjustment terminal to the output (see figure 
2). Improved internal circuitry eliminates the need for 
this diode when the adjustment pin is bypassed with a 
capacitor to improve ripple rejection. 


Figure 2 
If a very large output capacitor is used, such as a 
100Jl.Fshown in figure 2, the regulator could be dam- 
aged or destroyed if the input is accidentally shorted 
to ground or crowbarred, due to the output capacitor 
discharging into the output terminal of the regulator. 
Toprevent this, a diode D1 as shown, is recommended 
to safely discharge the capacitor. 


Load Regulation 
Because the LT138A is a three-terminal device, it is 
not possible to provide true remote load sensing. Load 
regulation will be limited by the resistance of the wire 
connecting the regulator to the load. The data sheet 
specification for load regulation is measured at the 
bottom of the package. Negative side sensing is a true 
Kelvin connection, with the bottom of the output divid- 
er returned to the negative side of the load. Although it 
may not be immediately obvious, best load regulation 
is obtained when the top of the resistor divider, (R1), is 
connected directly to the case not to the load. This is 
illustrated in Figure 3. If R1 were connected to the 


LT138A/LT338A 
LM 138/LM338 


load, the effective resistance between the regulator 
and the load would be 


Rp x 
(R2 ~ 
R1 ) , Rp = Parasitic Line Resistance. 


Connected as shown, Rp is not multiplied by the divid- 
er ratio. Rp is about O.004Q per foot using 16 gauge 
wire. This translates to 4mV 1ft at 1A load current, so it 
is important to keep the positive lead between regula- 
tor and load as short as possible, and use large wire or 
PCboard traces. 


CONNECT 


RlTO 
CASE 


RI 


_----TI~ 
J 


Connections For Best Load Regulation 


Figure 3. 


5V 
V,. 
v•• 
Vour* 
v•• 


Rl 
240 
+ 
Cl· 
+ 
+ 


lpF 
C2t 
1 pF 
lpf 


Temperature Compensated Lead Acid 
Ballery Charger 


LT138A/LT338A 
LM 138/LM338 


Lamp Flasher 


15V 
LT338A 


VIII 
Vour 


I 


1w 
AOJ 


+ 
12V 


12k 
10 ~F 


OFF 
~ 


+ 
2N3904 
12k 
10 ~F 


1k 
+ 


12k 
10 ~F 


Protected High Current Lamp Driver 


15V 


LT338A 


Vour 
VIII 


AOJ 


K Package To-3 
Steel Metal Can 


0.750-0.775 


0.325-0.350 n 
(19304-19.085) 


(8255-8.090) 
0.116 


~ 


(2.946) 


""" 
, 
, 
: 
: 
----l...- 
SEATING PLANE 
0.420-0.490 
----r 


(12.168-12.192) 
~ 
0038-0043 


---i I- (0:965-':092) 


Tj max. 
Oja 
Oje 


138A 
1S0°C 
3SoCIW 
1°CIW 
138 


338A 
12SoC 
3SoCIW 
l°CIW 
338 


1.177-1.197 


(29.896-30.404) [fj 
0.660-0.670 
0.210-0.220 
(16.764-17.018) 
(5.334 - 5.588) 
G 


o: 
0.168-0.178 
0- 
I 
' 
(4.267-4.521) 
RTYP 


T- ."~ol 
- 
- - 
2M~TINGHOlES 


0.425-0.435 
' 
0.151-0.161 


(10.785-11.049) 
(3.835-40291 


IlIA 


LT150A/LT350A 
LM150/LM350 
3 Amp Positive Adjustable 
Regulator 


• 
Guaranteed 1% Initial Voltage Tolerance 
• 
Guaranteed 3A Output Current 
• 
Guaranteed 0.3% Load Regulation 
• 
Guaranteed 0.01%/V Line Regulation 
• 
100% Thermal Limit Burn-in 


The LT150A Series are 3-terminal positive adjustable 
voltage regulators which offer improved performance 
over earlier devices. A major feature of the LT150AI 
350A is the output voltage tolerance is guaranteed at a 
maximum of ± 1%, allowing an overall power supply 
tolerance to be better than 3% using inexpensive 1% 
resistors. Line and load regulation performance has 
been improved as well. Additionaliy, the LT150Al 
350A reference voltage is guaranteed not to exceed 
2% when operating over the full load, line and power 
dissipation conditions. The LT150Al350A adjustable 
regulators offer an improved solution for all positive 
voltage regulator requirements with load currents up 
to 3 amps. 


• 
Improved Linear Regulators 
• Adjustable Power Supplies 
• 
Constant Current Regulation 
• 
Battery Chargers 


Regulator With Reference 
Output Voltage Error 
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OUTPUT VOLTAGE 


LT150A/LT 350A 
LM150/LM350 


ABSOLUTE mAXimum 
RATinGS 


Power Dissipation 
Internally Limited 
Input to Output Voltage Differential . . . . . . . . .. 
35V 
Operating Junction Temperature Range 
LT150A/LM150 
-55°C 
to 150°C 
LT350A/LM350 
O°Cto 125°C 
Storage Temperature Range 
LT150A/LM150 
-65°C 
to 150°C 
LT350A/LM350 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 


PACKAGE/ORDER InFORmATiOn 


BOTTOM 
VIEW 


AOJUSTMEN00 
v. 
. . 
1 
2 


CASE 
° 
:iJTPUT 


K PACKAGE 


TQ·3 
METAL 
CAN 


(STEEL) 


ORDERPART NUMBER 


LT150AK 
LT350AK 
LM150K 
LM350K 


VOUT 
V'N 


I 
VOUT 


~ 


:J 


LT350AT 


LM350T 


T PACKAGE 
ADJ 


TO·220 
PLASTIC 


ELECTRICALCHARACTERISTICS(See note 1) 


LTl50A 
LM150 


SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
UNITS 


VREF 
Relerence 
Voltage 
lOUT~ 
10mA, 
T; ~ 
25°C 
1.238 
1.250 
1.262 
V 


3V "" (V'N - 
VOUT) "" 35V 
• 
1.225 
1.250 
1.270 
1.20 
1.25 
1.30 
V 


10mA 
"" lOUT"" 3A, P "" 30W 
~ 
Line Regulation 
3V "" (V'N - 
VOUT) "" 35V, (See 


t.V'N 
Note 2) 
0.005 
0.01 
0.005 
0.01 
%/V 
• 
0.02 
0.05 
0.02 
0.05 
%/V 
~ 
Load Regulation 
10mA 
"" 
lOUT"" 
3A. (See Note 2) 


t.louT 
TA ~ 
25°C 
VOUT "" 5V 
5 
15 
5 
15 
mV 
VOUT ;;> 5V 
0.1 
0.3 
0.1 
0.3 
% 


VOUT "" 5V 
• 
15 
50 
20 
50 
mV 
VOUT ;;> 5V 
• 
0.3 
1 
0.3 
1 
% 


Thermal 
Regulation 
TA ~ 
25°C. 
20msec 
Pulse 
0.002 
0.01 
0.002 
0.01 
%/W 


Ripple 
Rejection 
VOUT~ 
10V, 1 ~ 
120Hz 
CAOJ ~ 
0 
• 
65 
65 
dB 
CAoJ ~ 
10l'F 
• 
66 
86 
66 
86 
dB 


IAoJ 
Adjust 
Pin Current 
• 
50 
100 
50 
100 
I'A 


t.IAOJ 
Adjust 
Pin Current 
Change 
10mA 
"" Il "" 3A 
3V "" (V'N - 
VOUT) "" 35V 
• 
0.2 
5 
0.2 
5 
I'A 
Minimum 
Load Current 
(V'N - 
VOUT) ~ 
35V 
• 
3.5 
5 
3.5 
5 
mA 


Current 
Limit 
(V'N - 
VOUT) "" 
10V 
• 
3 
4.5 
3.0 
4.5 
A 


(V'N - 
VauT) = 30V 
• 
0.3 
1 
0.3 
1 
A 
~ 
Temperature 
Stability 
-55°C"" 
Tj 
"" + 150°C 
• 
1 
2 
1 
% 
t.Temp 


~ 
Long Term Stability 
TA ~ 
125°C 
0.3 
1 
0.3 
1 
% 


t.Time 


eo 
RMS Output 
Noise 
TA - 
25°C, 
10Hz"" 
1 "" 
10kHz 
0.001 
0.001 
'10 
(% 01 VOUT) 


aje 
Thermal 
Resistance 
K Package 
1.5 
1.5 
°C/W 
Junction 
to Case 


LT150A/LT 350A 
LM 150/LM350 


ELECTRICALCHARACTERISTICS(See note 
1) 


LT350A 
LM350 


SYMBOL 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VREF 
Reference Voltage 
lour ~ 
lOrnA, 
Ti ~ 25°C 
1.238 
1.250 
1.262 
V 


3V '" 
(V1N 
- 
Your) '" 
35V 
• 
1.225 
1.250 
1.270 
1.20 
1.25 
1.30 
V 


10mA '" 
lour '" 
3A, P '" 
30W 


6Vour 
Line Regulation 
3V '" 
(V1N 
- 
Your) '" 
35V, (See 
~ 
Note 2) 
TA 
~ 
25°C 
0.005 
0.01 
0.005 
0.03 
%/V 
• 
0.02 
0.05 
0.02 
0.07 
%/V 


6Vour 
Load Regulation 
10mA '" 
lour'" 
3A, (See Note 2) 


610ur 
TA 
~ 
25°C 


Your '" 
5V 
5 
15 
5 
25 
mV 
Your ;" 5V 
0.1 
0.3 
0.1 
0.5 
% 


Your '" 
5V 
• 
15 
50 
20 
70 
mV 
Your ;" 5V 
• 
0.3 
1 
03 
1.5 
% 


Thermal 
Regulation 
TA 
~ 
25°C, 20msec 
Pulse 
0.002 
0.01 
0.002 
0.03 
%/W 


Ripple Rejection 
Your ~ 
10V, f ~ 
120Hz 
CAOJ 
~ 
0 
• 
65 
65 
dB 
CAOJ 
~ 
lOIlF 
• 
66 
86 
66 
86 
dB 
IAOJ 
Adjust 
Pin Current 
• 
50 
100 
50 
100 
IlA 


61AOJ 
Adjust 
Pin Current 
Change 
10mA '" 
lour'" 
3A 
3V '" 
(V1N 
- 
Your) '" 
35V 
• 
0.2 
5 
0.2 
5 
IlA 


Minimum 
Load Current 
(V1N 
- 
Your) '" 
35V 
• 
35 
10 
3.5 
10 
mA 


Current 
Limit 
(V1N 
- 
Your) '" 
10V 
• 
3 
4.5 
3 
4.5 
A 


(V1N 
- 
Your) ~ 
30V, T; ~ 
25°C 
0.25 
1 
0.25 
1 
A 


6Vour 
Temperature 
Stability 
• 
1 
2 
1 
% 


6Temp 


6Vour 
Long Term Stability 
TA 
~ 
125°C 
0.3 
1 
0.3 
1 
% 


6Time 


eo 
RMS Output 
Noise 
TA 
~ 
25°C, 
10Hz", 
f '" 
10kHz 
0.001 
0.001 
% 
(% of Your) 


0iC 
Thermal 
Resistance 
K Package 
1.2 
1.5 
1.2 
1.5 
°C/W 
Junction 
to Case 
T Package 
3 
4 
3 
4 
°C/W 


The. 
denotes the specifications 
which apply over the fUll operating 
temperature 
range. 
Nole 1: Unless otherwise specified, these specifications 
apply for 
V1N - 
Vour = 5V and lour = 1.5A. These specifications 
are 
applicable for power dissipations 
up to 30W for the K package and 
up to 25W for the T package. Power dissipation 
is guaranteed at 
these values up to 15 Volts input-output 
differential. 
Above 15 Volts 
input-output 
differential 
power dissipation 
is limited by device 
internal protection circuitry. 
Nole 2: RegUlation is measured at a constant Tj. Changes in output 
due to heating must be taken into account separately. Pulse testing 
with low duty cycle is used. 
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Ripple Rejection 
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100 
100 
80 


80 
80 


1D 
~ 
CD 
70 
~ 
~ 
§ 60 
£ 
60 
z§ 
~ 
~ 
~ 
60 
~ 40 
~ 40 
i 
v" 
- 
Vour ~ 5V 
~ 
"j 


'" 
~ 
VIN = 
15V 


lOUT - 
500mA 
VIN ~ 
15V 
50 
VOUT- 
10V 
20 
f ~ 
120Hz 
20 
VOUT~ 
10V 
f ~ 
120Hz 


Tj - 
25'C 
lOUT - 
500 mA 
TeASE- 
25'C 


0 
0 
40 
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10 
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35 
10 
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lk 
10k 
lOOk 
1M 
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10 


OUTPUTVOLTAGE(V) 
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~§ 
u 
0.1 
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~ 
0.01 
~ 
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lOOk 
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TIME (",) 
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General 


The LT150A develops a 1.25V reference voltage be- 
tween the output and the adjustable terminal (see Fig- 
ure 1). By placing a resistor, R1, between these two 
terminals, 
a constant 
current 
is caused to flow 
through R1 and down through R2 to set the overall 
output voltage. Normally this current is the specified 
minimum load current of 5mA or 10mA. 


VOUT = VREF 
( 1 + ~~) + IADJ R2 


Basic Adjustable Regulator 
Figure 1 


Because IADJ is very small and constant when com- 
pared with the current through R1, it represents a 
small error and can usually be ignored. It is easily 
seenfrom the above equation, that even if the resistors 
were of exact value, the accuracy of the output is limit- 
ed by the accuracy of VREF.Earlier adjustable regula- 
tors had a reference tolerance of ±4% which is 


dangerously close to the ±5% supply tolerance re- 
quired in many logic and analog systems. Further, 
.,. 
even 1% resistors can drift O.01%/oC, adding addi- 
•• 
tional error to the output voltage tolerance. 


For example, using 2% resistors and ±4% tolerance 
for VREF, calculations will show that the expected 
range of a 5V regulator design would be 4.66V ~ VOUT 
~ 5.36V or approximately ±7%. If the same example 
were used for a 15V regulator, the expected tolerance 
would be ±8%. With these results most applications 
required some method of trimming, usually a trim pot. 
This solution is both expensive and not conducive to 
volume production. 


One of the enhancements of Linear Technology's ad- 
justable regulators over existing devices is the tight- 
ened initial tolerance of VREF.This allows relatively 
inexpensive 1% or 2% film resistors to be used for R1 
and R2 to set the output voltage within an acceptable 
tolerance. 


With a guaranteed 1% reference, a 5V power supply 
design, using ±2% resistors, would have a worst 
case manufacturing tolerance of ±4%. If 1%resistors 
were used, the tolerance would drop to ± 2.5%. A plot 
of the worst case output voltage tolerance as a func- 
tion of resistor tolerance is shown on the front page. 


LT 150A/LT350A 
LM150/LM350 


For convenience, a table of standard 1% resistor val- 
ues is shown below. 


1.00 
1.47 
2.15 
3.16 
4.64 
6.81 
1.02 
1.50 
2.21 
3.24 
4.75 
6.98 
1.05 
1.54 
2.26 
3.32 
4.87 
7.15 
1.07 
1.58 
2.32 
3.40 
4.99 
7.32 
1.10 
1.62 
2.37 
3.48 
5.11 
7.50 
1.13 
1.65 
2.43 
3.57 
5.23 
7.68 
1.15 
1.69 
2.49 
3.65 
5.36 
7.87 
1.18 
1.74 
2.55 
3.74 
5.49 
8.06 
1.21 
1.78 
2.61 
3.83 
5.62 
8.25 
1.24 
1.82 
2.67 
3.92 
5.76 
8.45 
1.27 
1.87 
2.74 
4.02 
5.90 
8.66 
1.30 
1.91 
2.80 
4.12 
6.04 
8.87 
1.33 
1.96 
2.87 
4.22 
6.19 
9.09 
1.37 
2.00 
2.94 
4.32 
6.34 
9.31 
1.40 
2.05 
3.01 
4.42 
6.49 
9.53 
1.43 
2.10 
3.09 
4.53 
6.65 
9.76 


Standard 
Resistance 
Values are obtained 
from the Decade Table 
by multiplying 
by multiples 
of 10. As an example, 1.21 can repre- 
sent 1.2111, 12.111, 12111,1.21KI1 etc. 


Bypass Capacitors 


Input bypassing using a 1ILFtantalum or 25ILFelectro- 
lytic is recommended when the input filter capacitors 
are more than 5 inches from the device. Improved rip- 
ple rejection (80 dB) can beaccomplished by adding a 
10ILFcapacitor from the adjust pin to ground. Increas- 
ing the size of the capacitor to 20ILFwill help ripple 
rejection at low output voltage since the reactance of 
this capacitor should besmall compared to the voltage 
setting resistor, R2. For improved AC transient re- 
sponse and to prevent the possibility of oscillation due 
to unknown reactive load, a 1ILFcapacitor is also rec- 
ommended at the output. Because of their low imped- 
ance at high frequencies, the best type of capacitor to 
use is solid tantalum. 


The LT150A/350A do not require a protection diode 
from the adjustment terminal to the output (see Figure 
2). Improved internal circuitry eliminates the need for 
this diode when the adjustment pin is bypassed with a 
capacitor to improve ripple rejection. 


+ 100~F 


R1 
1- CooT 


--- ~ 
~ 


If a very large output capacitor is used, such as a 
100ILFshown in Figure 2, the regulator could be dam- 
aged or destroyed if the input is accidentally shortell 
to ground or crowbarred, due to the output capacitor 
discharging into the output terminal of the regulator. 
To prevent this, a diode 01 as shown, is recommended 
to safely discharge the capacitor. 


Load Regulation 


Because the LT150A is a three-terminal device, it is 
not possible to provide true remote load sensing. Load 
regulation will be limited by the resistance of the wire 
connecting the regulator to the load. The data sheet 
specification for load regulation is measured at the 
bottom of the package. Negative side sensing is a true 
Kelvin connection, with the bottom of the output divid- 
er returned to the negative side of the load. Although it 
may not be immediately Obvious, best load regulation 
is obtained when the top of the resistor divider (R1) is 
connected directly to the case not to the load. This is 
illustrated in Figure 3. If R1 were connected to the 
load, the effective resistance between the regulator 
and the load would be 


( R2+ R1) 
R 
P 
.. 
L' 
R . 
Rp X 
R1 
,p 
= 
araSltlc me eSlstance. 


Connected as shown, Rp is not multiplied by the divid- 
er ratio. Rp is about 0.004Q per foot using 16 gauge 
wire. This translates to 4mV 1ft at 1A load current, so it 


LT150A/LT350A 
LM 150/LM350 


is important to keep the positive lead between regula- 
tor and load as short as possible, and use large wire or 
PC board traces. 


CONNECT 


R1 TO CASE 


R1 


_-------il~ 
J 


Connections for Best Load Regulation 
Figure 3 


• 
Needed if device is tar from 
filler capacitors 
* 
VOUT ~ 
1.25V 
( 1 + :~ ) 


Precision High Current Reference 


lT350A 


+ 
Cl 
10~f • 


LT350A 


VIN 
V(lJl 


ADJ 


• 
THIS CIRCUIT WILL NOT WORK 


WITH LM VERSION DEVICES 


BECAUSE OF WIDER 


REFERENCE VOLTAGE LIMITS 


•• 
CURRENT SHARING RESISTORS 


DEGRADE REGULATION TO 1% 
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K Package TO-3 STEEL Metal Can 


1--°,",.°"'1 
I 
(1930-1969) 
::~~::::T3 
I:;~t; 
I 


I 
---l f--(~::=~-~~l 


Tjmax. 
~~ 
~~ 


LT150A 
150°C 
35°CIW 
1.5°CIW 
LM150 


LT350A 
125°C 
35°C/W 
1.50C/W 
LM350 


~ 


0''''.01l' 
~ 


0.045-0,055 
(114J-l.,l97) 


~--l~ 
10330.07'2)~ 


SECTion 5-SWITCHlnG 
REGULATORS/ 
VOLTAGE conVERTERS 


INDEX. 


PROPRIETARYPRODUCTS 


LTI026, 
Voltage Converter . . 
. ................•. 


LTCI044/7660, 
Switched Capacitor VoltageConverter .....•.....••.....••.....••..•..••.....••.•.................... 


LTCI044CS8, Switched Capacitor VoltageConverter 
. 


LT/ 054, Switched Capacitor Voltage Converter with Regulator . 


LT/054CS/L T/054IS, Switched Capacitor Voltage Converter with Regulator 


LT/070, 5A High Efficiency Switching Regulator 


LTI 071, 2.5A High Efficiency Switching Regulator. 


LTI072, 
1.25AHighEfficiencySwitchingRegulator 
.................................•............ 


LTI074, Switching Regulator. 
. . . . . . . . . . . . . . . . . . 
. 
. 


LT1170, 5A High Efficiency 100kHz Switching Regulator ...............•............................................. 


LT/171, 2.5A High Efficiency 100kHz Switching Regulator 


LT1172, 1.25A High Efficiency 100kHz Switching Regulator ..........•. 


ENHANCEDAND SECONDSOURCEPRODUCTS 


SG1524/SG3524. 
Regulating PulseWidth Modulators. 


SG3524S. Regulating Pulse Width Modulator ..............•. 


LTI524/LT3524, 
Regulating Pulse Width Modulators 
..........•......•.........•...•......•. 


SG1525A1SG3525A. Regulating PulseWidth Modulators ..........•....•........•.......................... 


LT/525A/L T3525A. Regulating Pulse Width Modulators 


LT/526/LT3526, 
Regulating Pulse Width Modulators 
.........•..•..........•..•...•..•.. 


SG1527A/SG3527A. 
Regulating PulseWidth Modulators. 


LT/527A/LT3527A, 
Regulating Pulse Width Modulators 


LTI846/LTI847, 
Current Mode PWM Controller 
..........•......•... 


LT3846/L T3847, Current Mode PWM Controller 
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13·21 
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5-61 


5-73 


5-85 


5-93 


5-85 


5-97 


5-97 


5-105 


5·97 


5-97 


5-113 


5·113 


• Generates + and - from Single Input 
• Up to ± 18VOutput 
• Only Needs Four 1/lFCapacitors 
• No Inductors 
• 10mA Output Current Min 
• Operates Down to 4V 
• No Latch Up 
• 8 Pin Minidip 


• Line Drivers 
• Op Amp Supplies 
• Battery Splitters 
• RS232Power 


LT1026 


Voltage 
Converter 


The LT1026is a switched capacitor voltage doubler and in· 
verter on a single monolithic die. Capable of operating 
from 4V to 10V input, it prOVides± 7Vto ± 18Vout. Output 
currents of over 10mA are available. Two charge pumps 
first double the input voltage then invert the doubled volt· 
age. Manufactured in bipolar technology, the LT1026is not 
susceptible to latch up and generates up to 36V. 


The LT1026 offers a convenient way of generating addi· 
tional system voltages without using inductors. Powering 
interface circuits, op amps or data acquisition circuitry off 
logic supplies is simplified. Other Linear Technology volt· 
age converters such as the low power LTC1044CMOS and 
100mAbipolar LT1054are available. 
III 


- --- 


C~1"F 
- 
V,N=5V 
TA=25°C- 


L-- 


~ 
t'5 
2 


>!:c: 
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> 
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5 -4 


-6 
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25 


LOAD CURRENT 
(mAl 


Supply Voltage 
10V 
V + 
20V 
V - 
- 20V 
Short Circuit Duration 
10 seconds 
Operating Temperature Range 
LT1026M 
- 55°C to 125°C 
LT1026C 
O°C to 70°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


ORDER PART 
NUMBER 


LT1026MJ 
LT1026CJ 
LT1026CN 


TOP VIEW 


+VOUT 


LT1026MH 
LT1026CH 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output Voltage 
VIN=4V 
IL = 0 Positive 
• 
6.5 
7 
V 
(Note 1) 
IL = 0 Negative 
• 
-6 
-6.7 
V 
IL = 10mA Positive 
• 
5.25 
5.7 
V 
IL = -10mA 
Negative 
• 
-4.5 
-5 
V 


VIN=5V 
IL = 15mA Positive 
• 
6.25 
7 
V 
IL = - 15mA Negative 
• 
-5.5 
-6.2 
V 


VIN= 10V 
IL = 0 Positive 
• 
18 
18.5 
V 
IL = 0 Negative 
• 
-17.7 
-18 
V 
IL = 10mA Positive 
• 
16 
17.6 
V 
IL = -10mA 
Negative 
• 
-15.3 
-17 
V 
IL = 15mA Positive 
• 
15.25 
17 
V 
IL = -15mA 
Negative 
• 
-14.5 
-16.5 
V 


VIN=5V 
IL = 10mA, -10mA 
Positive 
• 
6.25 
7.2 
V 
Negative 
• 
-5.5 
-6.5 
V 


VIN= 10V 
IL = 10mA, -10mA 
Positive 
• 
15 
16.8 
V 
Negative 
• 
-14.25 
-15.75 
V 


Supply Current 
VIN=4V 
IL =0 
• 
7 
12.5 
mA 
VIN= 10V 
IL =0 
• 
15 
30 
mA 


The. 
denotes specifications which apply over OOCto 70°C for commercial 


or - 55°C to 125°C for military grade devices. Loads are applied to individual 
outputs unless otherwise marked. 


Notet 
VIN Min= -4.5VforTA:s40oC 
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The LT1026 is a non-regulating voltage converter which 
converts a single input voltage into both a positive and 
negative output at up to 15mA.A positive input voltage is 
first doubled and then the doubled voltage is inverted. The 
voltage output level is dependent on both the input volt- 
age and the output loading. The total output current avail- 
able depends on the individual loading of the outputs 
since loading on one output affects the load and the volt· 
age of the other. 


Only four external components are needed for operation. 
Two charge pump capacitors and two output storage 
capacitors. Nominal value for these capacitors is 11lF,but 
the LT1026will operate (with reduced performance) down 
to O.1IlF.Higher value capacitors (221lF)will reduce ripple 
and slightly lower output impedance. For higher output 
currents the outputs of several converters may be paral· 
leled with common output capacitors. 


The substrate diodes are an inherent part of the IC, and 
must always be reversed biased to isolate the individual 
transistors. In the LT1026the substrate is tied to the nega- 
tive output. If the negative output is not used, such as 
when only the voltage doubler output is needed, the 


- VOUT must be tied to ground so the substrate diodes are 
properly biased. The substrate diodes must never become 
forward biased even during overload conditions. 
For 
example, pulling the - VOUT positive with respect to 
ground can forward bias the substrate diodes. Clamping 
the substrate to ground with an external diode would be 
needed to ensure proper operation and prevent the sub· 
strate from carrying any current. 


No overload protection is included on the LT1026.Neither 
output 
is damaged by momentary shorts, but during 
sustained shorts the resulting high current flow will over· 
heat the IC. 


-Your 


lpF T1PF 


8 
NC 


7 
+ 


6 
VIN 1"lpF 


+ +VOUT 


T'"F 


V IN (FLOATING) 


Parallel Converters for Higher Output Current 
and Lower Output Impedance 
III 


OUT 
5V 
O.OOl.F 
+VOUT 
500k 


+ 
11 
+ 
1~ 
10~ 


VIN"'4VJ 
SOOk 
1~1 
'=" 
10~ 
'=" 
-5V REGlamA 


H Package 
8·Lead TO·S Metal Can 


0110-0160 
(2794-4.050l) 


INSULATING 
$TAHlXIff 


J Package 
8·Lead Ceramic DIP 
N Package 
8·Lead Plastic DIP 
~"~I:l 
0 


"'1 


O.ZSO",O.OlO 


-=:10.254) 


1 
2 
3 
4 


0.014-0.026 


'0."-0660' 
I 


0.038-0068 
(O.96$-l.nn 


FEATURES 


• Plug-In Compatible with 7660 with These Additional 
Features: 
• 
Guaranteed Operation to 9V, with No External 
Diode, Over Full Temperature 
Range 
• 
Boost Pin (Pin 1) for Higher SWitching 
Frequency 
• 
Lower Quiescent Power 
• 
Efficient Voltage Doubler 
• 200~ 
Max. No Load Supply Current at 5V 
• 97% 
Min. Open Circuit Voltage Conversion 
Efficiency 
• 95% Min. Power Conversion 
Efficiency 
• Wide Operating Supply Voltage Range, 1.5V to 9V 
• 
Easy to Use 
• Commercial 
Device Guaranteed Over -40°C 
to 
85°C Temperature 
Range 


APPLICATions 


• 
Conversion of +5V to ±5V Supplies 
• 
Precise Voltage Division, VOUT= VIN/2 ±20ppm 
• 
Voltage Multiplication, 
VOUT= ±nVIN 
• 
Supply Splitter, VOUT= ± Vs /2 


LTC1044/7660 


Switched Capacitor 
Voltage Converter 


DESCRIPTiOn 


The LTC1044 is a monolithic 
CMOS switched 
capacitor 
voltage converter 
which 
is manufactured 
using 
Linear 
Technology's 
enhanced 
LTCMOS™ silicon gate process. 
The LTC1044 provides several voltage conversion 
func- 
tions: the input voltage can be inverted (VOUT= - VIN), 
doubled (VOUT=2VIN), 
divided (VOUT=VIN /2) or multi- 
plied (VOUT= ±nVIN). 


Designed to be pin-for-pin 
and functionally 
compatible 
with the popular 7660, the LTC1044 provides significant 
features 
and improvements 
over earlier 7660 designs. 
These improvements 
include: fu1l1.5V 
to 9V supply op- 
eration over the entire operating temperature 
range, with- 
out the need for external 
protection 
diodes; 
21/2 times 
lower quiescent current for greater power conversion effi- 
ciency; and a' 'boost" 
function which is available to raise 
the internal oscillator frequency 
to optimize performance 
in specific applications. 


Although 
the LTC1044 provides 
significant 
design and 
performance 
advantages over the earlier 7660 device, it 
still maintains its compatibility 
with existing 7660 designs. III 
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(Notes 1 and 2) 


Supply Voltage 
9.5V 
Input Voltage on Pins 1, 6 and 7 
(Note 2) 
-O.3V 
:5VIN :5V+ 
+O.3V 
Current into Pin 6 
20~ 
Output Short Circuit Duration 
(V+ :5 5. 5V) 
Continuous 
Operating Temperature Range 
LTC1044C 
-40°C:5TA:585°C 
LTC1044M 
-55°C:5TA:5125°C 
Storage Temperature Range. . . . .. 
- 65°C to + 150°C 
Lead Temperature (Soldering, 
10sec.) 
300°C 


LTC1044CH 
LTC1044MH 


BOOST08 
v+ 
CAP+ 2 
7 OSC 


GROUND3 
6 
LV 


CAP- 
4 
5 
VOUT 


HERMETIC 
DIPJ8PACKAGE 
PLASTICOIPN8PACKAGE 


LTC1044CJ8 
LTC1044CN8 
LTC1044MJ8 


SYMBOL 
PARAMETER 
CONDITIONS 
LTC1044M 
LTC1044C 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Is 
Supply Current 
RL= 00, Pins 1 and 7 No Connection 
60 
200 
60 
200 
,.<A 


RL= 00, Pins 1 and 7 V+ = 3V 
20 
20 
,.<A 


V+L 
Minimum Supply Voltage 
RL= 10k 
• 
1.5 
1.5 
V 


V+ H 
Maximum Supply Voltage 
RL=10k 
(Note 3) 
• 
9 
9 
V 


ROUT 
Output Resistance 
IL=20mA, 
losc=5kHz 
100 
100 
n 
• 
150 
130 
n 


V+ =2V, IL =3mA, 
losc= 1kHz 
• 
400 
325 
n 


losc 
Oscillator Frequency 
Cosc=lpF 
(Note 4) 


V+ =5V 
• 
5 
5 
kHz 
V+ =2V 
• 
1 
1 
kHz 


Pm 
Power Efficiency 
RL= 5kn, fosc = 5kHz 
95 
98 
95 
98 
% 


VOUTEFF 
Voltage Conversion 
RL= 00 
97 
999 
97 
999 
% 


Efficiency 


losc 
Oscillator Sink or Source 
Vosc=OV or V+ 


Current 
Pin 1 =OV 
• 
3 
3 
,.<A 


Pinl=V+ 
• 
20 
20 
,.<A 


The. 
denotes the specifications which apply over the full operating 
temperature range. 


Note 1: Absolute Maximum Ratings are those values beyond which the 
life of the device may be impaired. 


Note 2: Connecting any input terminal to voltages greater than V + or 
less than ground may cause destructive latch-up. It is recommended that 
no inputs from sources operating from external suppiies be applied prior 
to power-up of the LTC1044. 


Note 3: The LTC1044 is guaranteed to operate with alkaline, mercury or 
NiCad 9V batteries, even though the initial battery voltage may be slightly 
higher than 9.0V. 


Note 4: fosc is tested with Cosc = 100pF to minimize the effects of test 
fixture capacitance loading. The lpF frequency is correlated to this 
100pF test point, and is.intended to simulate the capacitance at pin 7 
when the device is plugged into a test socket and no external capacitor is 
used. 
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Theory of Operation 


To understand the theory of operation of the LTC1044, a 
review of a basic switched capacitor building 
block is 
helpful. 


In Figure 2, when the switch 
is in the left position, 


capacitor C1 will charge to voltage V1. The total charge on 
C1 will be q1 = C1V1. The switch then moves to the right, 
discharging 
C1 to voltage V2. After this discharge time, 
the charge on C1 is q2=C1V2. 
Note that charge has 
been transferred from the source, V1, to the outpu~ V2. 
The amount of charge transferred is: 


..iq=q1-q2=C1(V1-V2). 


If the switch is cycled f times per second, the charge 
transfer per unit time (Le., current) is: 


I =f x..iq =f x C1(V1- 
V2). 


Rewriting 
in 
terms 
of 
voltage 
and 
impedance 
equivalence, 


1_ V1 - V2 _ 
V1 - V2 . 


- (1/fC1) 
- 
REOUIV 


A new variable, 
REOUIV, has been defined 
such that 
REOUIV= 1/fC1. 
Thus, 
the equivalent 
circuit 
for the 
switched capacitor network is as shown in Figure 3. 


Examination of Figure 4 shows that the LTC1044 has the 
same switching 
action as the basic switched 
capacitor 
building 
block. 
With the addition 
of finite 
switch 
on- 


resistance and output voltage ripple, the simple theory, 
although not exact, provides an intuitive feel for how the 
device works. 


For example, if you examine power conversion efficiency 
as a function of frequency (see typical curve), this simple 
theory will explain how the LTC1044 behaves. The loss, 
and hence the efficiency, 
is set by the output impedance. 
As frequency 
is decreased, 
the output 
impedance 
will 
eventually 
be dominated 
by the 1/fC1 
term and power 
efficiency 
will drop. The typical 
curves for power effi- 
ciency 
versus 
frequency 
show this effect for various 
capacitor values. 


Note also that power efficiency decreases as frequency 
goes up. This is caused by internal 
switching 
losses 
which occur due to some finite charge being lost on each 
switching 
cycle. This charge loss per unit cycle, when 
multiplied by the switGhing frequency, 
becomes a current 
loss. At high frequency this loss becomes significant and 
the power efficiency starts to decrease. 


LV (Pin 6) 


The internal logic of the LTC1044 runs between V+ and 
•• 
LV (pin 6). For V+ greater than or equal to 3V, an internal 
••• 
switch shorts LV to GND (pin 3). For V+ less than 3V, the 
LV pin should be tied to GND. For V+ 
greater than or 
equal to 3V, the LV pin can be tied to GND or left floating. 


The switching frequency can be raised, lowered or driven 
from an external source. 
Figure 5 shows a functional 
diagram of the oscillator circuit. 


By connecting the boost pin (pin 1) to V+ , the charge and 
discharge current is increased and, hence, the frequency 
is increased by approximately 7 times. Increasing the fre- 
quency will decrease output impedance and ripple for 
higher load currents. 


Loading pin 7 with more capacitance will lower the fre- 
quency. 
Using the boost (pin 1) in conjunction 
with ex- 


ternal capacitance on pin 7 allows user selection of the 
frequency 
over a wide range. 


Driving the LTC1044 from an external frequency source 
can be easily achieved by driving pin 7 and leaving the 
boost pin open, as shown in Figure 6. The output current 
from pin 7 is small, typically 0.5~, 
so a logic gate is 
capable of driving 
this current. 
The choice of using a 
CMOS logic gate is best because it can operate over a 
wide supply voltage range (3V to 15V) and has enough 
voltage swing to drive the internal Schmitt trigger shown 


in Figure 5. For 5V applications, 
a TTL logic gate can be 
used by simply adding an external pull-up resistor (see 
Figure 6). 


External Diode (Ox) 


Previous circuits of this type have required a diode be- 
tween VOUT(pin 5) and the external capacitor, C2, for 
voltages above 6.5V (5V for military temperature range). 
Because of improvements which have been made in the 
LTC1044 circuit design and Linear Technology's 
silicon 
gate CMOS process, this diode is no longer required. The 
LTC1044 will operate from 1.5V to 9V, without the protec- 
tion diode, over all temperature ranges. 


It should, 
however, 
be noted that the LTC1044 
will 
operate without any problems in existing 7660 designs 
which use the protection diode, as long as the maximum 
operating voltage (V+) 
of 9V is not exceeded. 


Capacitor Selection 


External capacitors C1 and C2 are not critical. Matching is 
not required, nor do they have to be high quality or tight 
tolerance. Aluminum or tantalum electrolytics are excellent 
choices, with cost and size being the only consideration. 


Negative Voltage Converter 


Figure 7 shows a typical connection which will provide a 
negative supply from an available positive supply. This cir- 
cuit operates overfull temperature and power supply ranges 
without the need of any external diodes. The LV pin (pin 6) 
is shown grounded, but for V+ ~ 3V it may be "floated", 
since LV is internally switched 
to ground 
(pin 3) for 
V+ ~3V. 


The output voltage (pin 5) characteristics of the circuit are 
those of a nearly ideal voltage source in series with an 
800 resistor. The 800 output impedance is composed of 
two terms: 
1) the equivalent switched capacitor resist- 
ance (see Theory of Operation) and 2) a term related to the 
on-resistance of the MOS switches. 


At an oscillator frequency of 10kHz and C1 = 1Op.F,the 
first term is: 


1 
REOUIV= (fosc/2)xC1 


1 


5 x 103 x 10 x 10-6 


Notice that the above equation 
for 
REOUIVis not 
a 
capacitive reactance equation (Xc = 1/ WC) and does not 
contain a 27r term. 


The exact expression for output impedance is extremely 
complex, but the dominant effect of the capacitor is clearly 
shown on the typical curves of output impedance and power 
efficiency versus frequency. For C1 =C2 = 10p.F, the out- 
put impedance goes from 600 at fosc = 10kHz to 2000 at 
fosc = 1kHz. As the 1/fC term becomes large compared to 
the switch on-resistance term, the output resistance is de- 
termined by 1/fC only. 


Voltage Doubling 


Figure 8 shows two methods of voltage doubling. 
In 
Figure 8a doubling 
is achieved by simply 
rearranging 
the connection of the two external capacitors. 
When the 
input voltage is less than 3V, an external 1M0 resistor is 
required to ensure the oscillator will start. 
It is not re- 
quired for higher input voltages. 


In this application 
the ground 
input 
(pin 3) is taken 
above V+ 
(pin 8) during 
turn-on, 
making 
it prone to 
latch-up. 
The latch-up 
is not destructive 
but simply 
~ 
prevents the circuit from doubling. 
Resistor R1 is added 
~ 
to eliminate the problem. 
In most cases 2000 is suffi- 
cient. It may be necessary in a particular application to 
increase this value to guarantee start-up. 


The voltage drop across R1 is: VR1 =2 x lOUTx R1. If 
this voltage exceeds two diode drops (1.4V for silicon, 
0.8V for Schottky), 
the circuit 
in Figure 8a is recom- 
mended. This circuit will never have a start-up problem. 


6 
-~EaUJREDFORV+<3V 


-_ 
VOUT= ~v+ 


#"lO"F 


Ultra Precision Voltage Divider 


An ultra precision voltage divider is shown in Figure 9. To 
achieve the 0.0002% 
accuracy indicated, 
the load cur- 
rent should be kept below 100nA. However, with a slight 
loss in accuracy, the load current can be increased. 


Battery Splitter 


A common need in many systems is to obtain ( +) and 
( - ) supplies from a single battery or single power supply 
system. Where current 
requirements 
are small, the cir- 
cuit shown in Figure 10 is a simple solution. 
It provides 
symmetrical 
± output voltages, 
both equal to one half 
the input voltage. 
The output voltages are both refer- 
enced to pin 3 (output common). 
If the input voltage be- 
tween pin 8 and pin 5 is less than 6V, pin 6 should also be 
connected to pin 3, as shown by the dashed line. 


Paralleling for Lower Output Resistance 


Additional flexibility of the LTC1044 is shown in Figures 11, 
12 and 13. 


~ 
±O.002% 


2 


TMINSTASTMAX 


ILsl00nA 


Figure 11 shows two LTC1044s connected in parallel to 
provide a lower effective output resistance. 
If, however, 
the output resistance is dominated by 1/fC1, 
increasing 
the capacitor size (C1) or increasing the frequency will be 
of more benefit than the paralleling circuit shown. 


Figures 
12 
and 
13 
make 
use 
of 
"stacking" 
two 
LTC1044s to provide even higher voltages. In Figure 12, 
a negative voltage doubler 
or tripler 
can be achieved, 
depending upon how pin 8 of the second LTC1044 is con- 
nected, as shown schematically 
by the switch. 
Figure 13 
indicates a similar circuit which 
can be used to obtain 
positive tripling, 
or even quadrupling 
(the doubler circuit 
appears 
in Figure 
8a. In both of these 
circuits, 
the 
available output current 
will be dictated/decreased 
by 
the product of the individual 
power conversion 
efficien- 
cies and the voltage step-up 
ratio. 
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FEATURES 


• Plug-In Compatible with 7660 with These Additional 
Features: 
• 
Guaranteed Operation to 9V, with No External 
Diode, Over Full Temperature Range 
• 
Boost Pin (Pin 1) for Higher Switching 
Frequency 
• 
Lower Quiescent Power 
• 
Efficient Voltage Doubler 
• 
200~ 
Max. No Load Supply Current at 5V 
• 97% 
Min. Open Circuit Voltage Conversion 
Efficiency 
• 95% 
Min. Power Conversion Efficiency 
• Wide Operating Supply Voltage Range, 1.5V to 9V 
• 
Easy to Use 
• Commercial Device Guaranteed Over -40°C 
to 
85°C Temperature Range 


APPLICATions 


• 
Conversion of + 5V to ± 5V Supplies 
• 
Precise Voltage Division, VOUT= VIN/2 ± 20ppm 
• 
Voltage Multiplication, 
VOUT= ± nVIN 
• 
Supply Splitter, VOUT= ±Vs / 2 


LTC1044CS8 


Switched Capacitor 
Voltage Converter 


DESCRIPTion 


The LTC1044 is a monolithic CMOS switched 
capacitor 
voltage converter 
which 
is manufactured 
using Linear 
Technology's 
enhanced LTCMOS™ silicon gate process. 


The LTC1044 provides several voltage conversion fu nc- 
tions: the input voltage can be inverted (VOUT= - VIN), 
doubled (VOUT=2VIN), divided (VOUT=VIN/2) or multi- 
plied (VOUT= ± nVIN). 


Designed to be pin-for-pin 
and functionally 
compatible 
with the popular 7660, the LTC1044 provides significant 
features and improvements 
over earlier 7660 designs. 


These improvements 
include: fu111.5V to 9V supply op- 
eration over the entire operating temperature range, with- 
out the need for external protection 
diodes; 
21f2 times 
lower quiescent current for greater power conversion effi- 
ciency; and a "boost" 
function which is available to raise 
5 


the internal oscillator frequency to optimize performance 
in specific applications. 


Although 
the LTC1044 provides significant 
design and 
performance advantages over the earlier 7660 device, it 
still maintains its compatibility with existing 7660 designs. 
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(Notes 
1 and 2) 


Supply Voltage 
9.5V 


Input Voltage on Pins 1, 6 and 7 
(Note 2) 
-0.3V::sVIN 
::sV+ +0.3V 
Current into Pin 6 . . . . . . . . . . . . .. 
. 
20~ 
Output Short Circuit Duration 


(V+ ::s5.5V) 
. . . . . . . . 
. 
Continuous 
Operating Temperature Range. . .. 
- 40°C ::sTA ::s85°C 
Storage Temperature Range. . . . .. 
- 65°C to + 150°C 
Lead Temperature (Soldering, 
10 sec.) 
300°C 


ORDER 


TOPVIEW 
PART NUMBER 
~"[]" 


LTC1044CS8 


CAP+ 2 
7 OSC 


GROUNO3 
6 LV 


CAP- 4 
5 
VOUT 


S8PACKAGE 
PART MARKING 


PLASTICSO 


1044 


ELECTRICAL CHARACTERISTICS 
v+ = sv, TA= 2S 
OC, unless otherwise 
specified. 


See LTC104417660 data sheet for test circuit. 


LTC1044Csa 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Is 
Supply Current 
RL= co, Pins 1and 7 No Connection 
60 
200 
pA 


RL= co, Pins 1and7V=3V 
20 
pA 


V\ 
Minimum Supply Voltage 
RL= 10k 
• 
1.5 
V 
V+H 
Maximum Supply Voltage 
Rl = 10k(Note 3) 
• 
9 
V 


ROUT 
Output Resistance 
IL= 2oomA, losc = 5kHz 
100 
0 
• 
130 
0 


V+ = 2V,IL= 3mA, losc= 1kHz 
• 
325 
0 


losc 
Oscillator Frequency 
Cl/Sc= 1pF (Note 4) 
V 
=5V 
• 
5 
kHz 
V+ =2V 
• 
1 
kHz 


PEFF 
Power Efliciency 
Rl = 5kO,losc = 5kHz 
95 
98 
% 


VOUTEFF 
Voltage Conversion 
RL= co 
97 
99.9 
% 


Efficiency 


losc 
Oscillator Sink or Source 
Vosc=OVorV+ 


Current 
Pin 1=OV 
• 
3 
pA 
Pin 1=V+ 
• 
20 
pA 


The. 
denotes the specifications which apply over the full operating 
temperature range. 


Note 1: Absolute Maximum Ratings are those values beyond which the 
life of the device may be impaired. 


Note 2: Connecting any input terminal to voltages greater than V + or 
less than ground may cause destructive latch-up. It is recommended that 
no inputs from sources operating trom external supplies be applied prior 
to power-up of the LTC1044. 


Note 3: The LTC1044 is guaranteed to operate with alkaline, mercury or 
NiCad 9V batteries, even though the initial battery voltage may be slightly 
higher than 9.0V. 


Note 4: fosc is tested with Cosc= 100pF to minimize the effects of test 
fixture capacitance loading. The 1pF frequency is correlated to this 
100pF test point, and is intended to simulate the capacitance at pin 7 
when the device is plugged into a test socket and no external capacitor is 
used. 


• 100mAOutput Current 
• 
Low Loss-1.1V at 100mA 
• Operating Range3.5Vto 15V 
• Reference and Error Amplifier for Regulation 
• 
External Shutdown 
• External Oscillator Sync 
• Can be Paralleled 
• Pin Compatible with the LTC1044/7660 


• Voltage Inverter 
• Negative Voltage Doubler 
• Voltage Regulator 
• Positive Voltage Doubler 


LT1054 


Switched Capacitor Voltage 
Converter with Regulator 
DESCRIPTiOn 


The LT1054is a monolithic, bipolar, switched capacitor 
voltage converter and regulator. The LT1054 provides 
higher output current than previously available converters 
with significantly lower voltage losses. An adaptive switch 
drive scheme optimizes efficiency over a wide range of 
output currents. Total voltage loss at 100mA output cur· 
rent is typically 1.1V.This holds true over the full supply 
voltage range of 3.5Vto 15V.Quiescent current is typically 
2.5mA. 


The LT1054also provides regulation, a feature not previ- 
ously available in switched capacitor voltage converters. 
By adding an external resistive divider, a regulated output 
can be obtained. This output will be regulated against 
changes in both input voltage and output current. The 
LT1054can also be shut down by grounding the feedback 
pin. Supply current in shut down is less than 100JLA. 


The internal oscillator of the LT1054runs at a nominal fre· 
• 
quency of 25kHz. The oscillator pin can be used to adjust 
the sWitching frequency, or to externally synchronize the 
LT1054. 


The LT1054 is pin compatible with previous converters 
such as the LTC1044/7660. 


Tj=25°C 


I 
I 


Tj= 
-55°C 
o 
INOICATES GUARANTEED TEST pOINT 


o 
10 20 
30 40 
50 60 70 80 90 100 


OUTPUT CURRENT (mAl 


Supply Voltage 
(Note 1) 
16V 
Input Voltage 
(Pin 1) 
OV:sVPIN1:SV+ 
Input Voltage 
(Pin 7) 
OV:sVPIN7:sVREF 
Operating 
Temperature 
Range 
LT1054C 
O°C to 70°C 
LT1054M 
- 55°C to 125°C 
Junction 
Temperature 
(Note 2) 
LT1054C 
125°C 
LT1054M 
150°C 
Storage Temperature 
Range 
- 55°C to 150°C 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


4 


CAP- 


H PACKAGE 
TO·5 METAL CAN 


ORDER PART 
NUMBER 


LT1054MJ 
LT1054CJ 
LT1054CN 


LT1054MH 
LT1054CH 


ALSO AVAILABLE 
IN SO PACKAGE 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Current 
ILOAO=OmA 
V1N=3.5V 
• 
2.5 
3.5 
mA 
V1N= 15V 
• 
3.0 
4.5 
mA 


Supply Voltage Range 
• 
3.5 
15 
V 


Voltage Loss (V1N -IVouTIl 
CIN= COUT=loo~FTantalum 
(Note 3) 
lour = 10mA 
• 
0.35 
0.55 
V 
loUT= 100mA 
• 
1.10 
1.60 
V 


Output Resistance 
tllour= 10mA to 100mA 
(Note 4) 
• 
10 
15 
0 


Oscillator Frequency 
3.5V<V1N<15V 
• 
15 
25 
35 
kHz 


Reference Voltage 
IREF=60~ 
Tj=25°C 
2.35 
2.50 
2.65 
V 
• 
2.25 
2.75 
V 


Regulated Voltage 
V1N = 7V,Tj = 25°C, Rl = 5000 
(Note 5) 
-4.70 
-5.00 
-5.20 
V 


Line Regulation 
7V SV1NS12V, Rl = 5000 
• 
5 
25 
mV 
(Note 5) 


Load Regulation 
V1N= 7V 
loo0sRls5000 
(Note 5) 
• 
10 
50 
mV 


Maximum Switch Current 
300 
mA 


Supply Current In Shutdown 
VP1N1 =OV 
• 
100 
150 
~A 


The. 
denotes specifications 
which apply over the full operating tempera- 
ture range. For C grade parts these specifications 
aiso apply up to ajunc- 
tion temperature of 100°C. 


Notel: 
The absolute maximum supply voltage rating of 16V Is for unregu- 
lated circuits. For regulation mode circuits with Vours15V at Pin 5, this rat· 
ing may be increased to 20V. 


Note 2: The devices are guaranteed by design to be functional up to the 
absolute maximum junction temperature. 


Note 3: For voltage loss tests, the device is connected as a voltage 


inverter, with Pins 1,6, and 7 unconnected. The voltage losses may be 
higher in other configurations. 


Note 4: Output resistance is defined as the slope of the curve, (tlVour vs 
tllour), for output currents of 10to 100 mA. This represents the linear por- 
tion of the curve. The incremental slope of the curve will be higher at cur· 
rents <10mA due to the characteristics 
of the switch transistors. 


Note 5: All regulation specifications 
are for a device connected as a 
positive to negative converter/regulator 
with Rl = 20k, R2= 102.5k, 


Cl = 0.002~F, CIN= lO~F tantalum, Cour = 100~Ftantaium. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
Reference Voltage Temperature 
Regulated Output Voltage 
Coefficient 
- 
- 
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APPLICATions InFORmATion 


Theory of Operation 


To understand 
the theory of operation 
of the LT1054, a 


review of a basic switched 
capacitor 
building 
block 
is 
helpful. 


In Figure 1, when the switch is in the left position, capaci- 
tor C1 will charge to voltage V1. The total charge on C1 will 
be q1 =C1V1. 
The switch 
then moves to the right, dis· 
charging 
C1 to voltage V2. After this discharge time, the 
charge on C1 is q2 = C1V2. Note that charge has been 
transferred 
from the source, V1, to the output, 
V2. The 
amount of charge transferred 
is: 


dq = q1- q2 = C1(V1- V2). 


If the switch 
is cycled 
f times 
per second, the charge 
transfer per unit time (Le., current) is: 


I = f x dq = f x C1(V1 - V2). 


To obtain 
an equivalent 
resistance 
for the 
switched· 
capacitor 
network we can rewrite this equation in terms of 
voltage and impedance equivalence: 


I= V1 - V2 = V1 - V2 


(1/fC1) 
REQUIV 
V1rTtV1 


tCI lC1 l'" 


Figure 1. Switched Capacitor Building Block 


A new variable, REQUIV, is defined such that REQUIV = 1/fC1. 
Thus, the equivalent circuit for the switched capacitor 
net· 


work is as shOwn in Figure 2. The LT1054 has the same 
switching 
action as the basic switched capacitor 
building 
block. Even though this simplification 
doesn't 
include fi· 


nite switch on·resistance 
and output voltage ripple, it pro- 
vides an intuitive feel for how the device works. 


These simplified 
circuits 
explain voltage loss as a func· 
tion 
of frequency 
(see typical 
curve). As frequency 
is 
decreased, the output impedance will eventually be domi· 
nated by the 1/fC1 term and voltage losses will rise. 


Note that losses also rise as frequency 
increases. This is 
caused by internal 
switching 
losses which occur due to 
some finite 
charge being lost on each switching 
cycle. 


This charge loss per-un it-cycle, when multiplied 
by the 
switching 
frequency, becomes a current loss. At high fre- 
quency this loss becomes significant 
and voltage losses 
again rise. 


The oscillator 
of the LT1054 is designed to run in the fre· 
quency band where voltage losses are at a minimum. 


1 
1_ 
C1 
RL 
REOUIV=fC1 


Pin Functions 


V+ (Pin 8): Input supply pin. The LT10~4 al~ernate!y 
charges GINto the input voltage when GINIS sWitched In 
parallel with the input supply, and then ~ransfersch~rg~ to 
GOUTwhen GINis switched in parallel with GOUT.SWitching 
occurs at the oscillator frequency. During the time that GIN 
is charging, the peak supply current will ~e appro~imately 
equal to 2.2 times the output current. Dunng the time that 
GINis delivering charge to GOUTthe supply current ~rops 
to approximately 0.2 times the output current. An !nput 
supply bypass capacitor will supply part of the peak Input 
current drawn by the LT1054,and average out the current 
drawn from the supply. A minimum input supply bypass 
capacitor of 2JLF,preferably tantalum or some other low 
ESRtype is recommended. A larger capacitor may b,ede- 
sirable in some cases, for example when the actual Input 
supply is connected to the LT1054through long leads, or 
when the pulse currents drawn by the LT1054might affect 
other circuitry through supply coupling. 


VOUT(Pin 5): In addition to being the output pin, the pin is 
also tied to the substrate of the device. Special care must 
be taken in LT1054circuits to avoid pulling this pin posi· 
tive with respect to any of the other pins. PuIIing Pin 5 
positive with respect to Pin 3 (GND)will forward bias the 
substrate diode which will prevent the device from start· 
ing. This condition can occur when the output load driven 
by the LT1054is referred to its positive supply, (or to some 
other positive voltage). Note that most op amps present 
just such a load, since their supply currents flow from 
their V+ terminals to their V- terminals. To prevent start- 
up problems with this type of load, an external transistor 
must beadded as shown in Figure 3.This will prevent VOUT 


Figure 3 


(Pin 5) from being pulled above the ground pin (Pin 3) dur- 
ing start-up. Any small, general purpose transistor such as 
2N2222 or 2N2219 can be used. Rx should be chosen to 
provide enough base drive to the external transistor S? 
that it is saturated under nominal output voltage and maXI' 
mum output current conditions. In some cases an N-chan· 
nel enhancement mode MOSFet can be used in place of 
the transistor. 


RX:5(IVOUTl)fJ 


lOUT 


VREF(Pin 6): Reference output pin. This pin provides a 2.5V 
reference point for use in LT1054based regulator circuits. 
The temperature coefficient of the reference voltage has 
been adjusted so that the temperature coefficient of the 
regulated output voltage is close to zero. This requires the 
reference output to have a positive temperature coeffi· 
cient as can be seen in the typical performance curves. 111 
This non-zerodrift is necessary to offset a drift term inher· 
ent in the internal reference divider and comparator net- 
work tied to the feedback pin. The overall result of these 
drift terms is a regulated output which has a slight posi· 
tive temperature coefficient at output voltages below 5V 
and a slight negative TG at output voltages above 5V. Ref· 
erence output current should be limited, for regulator feed· 
back networks, to approximately 60JLA.The reference pin 
will draw", 100JLAwhen shorted to ground, and will not af· 
fect the internal reference/regulator, so that this pin can 
also be used as a pull·up for LT1054circuits that require 
synchronization. 


CAP+ICAP- (Pin 2/Pin 4): Pin 2, the positive side of the in· 
put capacitor (GIN)is alternately driven between V+ and 
ground. When driven to V+, Pin 2 sources current from 
V+. When driven to ground, Pin 2 sinks current to ground. 
Pin 4, the negative side of the input capacitor is driven al· 
ternately between ground and VOUT.When driven to 
ground, Pin 4 sinks current to ground. When driven to 
VOUT,Pin 4 sources current from GOUT.In all cases current 
flow in the switches is unidirectional, as should be ex· 
pected using bipolar switches. 


OSC(Pin 7): Oscillator pin. This pin can be used to raise or 
lower the oscillator frequency, or to synchronize the de· 
vice to an external clock. Internally, Pin 7 is connected to 
the oscillator timing capacitor (GI':::150pF) which is al- 
ternately charged and discharged by current sources of 
± 7p.A, so that the duty cycle is ",50%. The LT1054oscilla- 
tor is designed to run in the frequency band where 
switching losses are minimized. However, the frequency 
can be raised, lowered or synchronized to an external sys- 
tem clock if necessary. 


r---------------, 
I 
-L 


I 
8 
VIN 
--r- C2 


I 
I 


The frequency can be lowered by adding an external 
capacitor (G1 Figure 4) from Pin 7 to ground. This will in- 
crease the charge and discharge times, which lowers the 
oscillator frequency. The frequency can be increased by 
adding an external capacitor (G2 Figure 4, in the range of 
5pF-20pF) from Pin 2 to Pin 7. This capacitor will couple 
charge into Gtat the switch transitions, which will shorten 
the charge and discharge time, raising the oscillator fre- 
quency. Synchronization can be accomplished by adding 
an external resistive pull-up from Pin 7to the reference pin 
(Pin 6). A 20k pull-up is recommended. An open collector 
gate or an NPN transistor can then be used to drive the os- 
cillator pin at the external clock frequency as shown in 
Figure 4. Pulling up Pin 7 to an external voltage is not rec· 
ommended. For circuits that require both frequency syn- 
chronization and regulation, an external reference can be 
used as the reference point for the top of the R1!R2divider 
allowing Pin 6to be used as a pull-up point for Pin 7. 


Feedback/Shutdown (Pin 1): This pin has two functions. 
Pulling Pin 1 below the shutdown threshold (",0.45V) puts 
the device into shutdown. In shutdown, the reference! 
regulator is turned off and switching stops. The switches 
are set such that both GIN and GOUTare discharged 
through the output load. Quiescent current in shutdown 
drops to approximately 100p.A(see typical curves). Any 
open-collector gate can be used to put the LT1054 into 
shutdown. For normal (unregulated) operation the device 
will start back up when the external gate is shut off. In 
LT1054 circuits that use the regulation feature, the ex- 
ternal resistor divider can provide enough pull-down to 
keep the device in shutdown until the output capacitor 
(GOUT)has fully discharged. For most applications where 
the LT1054would be run intermittently, this does not pre- 
sent a problem because the discharge time of the output 
capacitor will be short compared to the off time of the de- 
vice. In applications where the device has to start-up be- 
fore the output capacitor (GOUT)has fully discharged, a 
restart pulse must be applied to Pin 1of the LT1054.Using 
the circuit of Figure 5, the restart signal can be either a 
pulse (tp> 100p.s) or a logic high. Diode coupling the restart 
signal into Pin 1 will allow the output voltage to come up 
and regulate without overshoot. The resistor divider R3!R4 
in Figure 5 should be chosen to provide a signal level at 
Pin 1of O.7V-1.1V. 


Pin 1 is also the inverting input of the LT1054's error am· 
plifier, and as such can be used to obtain a regulated out- 
put voltage. 


Regulation 


The error amplifier of the LT1054servoes the drive to the 
PNPswitch to control the voltage across the input capaci· 
tor (GIN),which in turn will determine the output voltage. 
Using the reference and error amplifier of the LT1054,an 
external resistive divider is all that is needed to set the 
regulated output voltage. Figure 5 shows the basic regula· 
tor configuration and the formula for calculating the ap- 
propriate resistor values. R2 should be chosen to be 20kn 
or greater because the reference output current is limited 


APPLICATions InFoRmATion 
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to z 100JlA.R1should be chosen to be in the range of 100k 
to 300k. Frequency compensation is accomplished by 
adjusting the ratio of GIN/GOUT.For best results, this ratio 
should be z1/10. G1, required for good load regulation at 
light load currents, should be 0.002JlF for all output 
voltages. 


It can be seen from the circuit block diagram that the 
maximum regulated output voltage is limited by the sup· 
ply voltage. For the basic configuration, IVOUTIreferred to 
the ground pin of the LT1054must be less than the total of 
the supply voltage minus the voltage loss due to the 
switches. The voltage loss versus output current due to 
the switches can be found in the typical performance 
curves. Other configurations such as the negative doubler 
can provide higher output voltages at reduced output cur- 
rents (seetypical applications). 


Capacitor Selection 


While the exact values of GINand GOUTare non·critical, 
good quality, low ESRcapacitors such as solid tantalum 
are necessary to minimize voltage losses at high currents. 
For GINthe effect of the ESRof the capacitor will be multi· 
plied by four, due to the fact that switch currents are ap· 
proximately two times higher than output current, and 
losses will occur on both the charge and discharge cycle. 
This means that using a capacitor with Hl of ESRfor GIN 
will 
have the same effect 
as increasing the output 


FOR EXAMPlE: TO GET Your: 
-5V 


REFERREOTO THE GROUNO PIN OF 
THE LT1054. CHOOSER1 =20k, 
THEN 


R2=20k 
(~ 
+1) 
~102.6k· 


2'iV 
-40mV 


'CHOOSE THE CLOSEST 1% VALUE 


impedance of the LT1054 by 40. This represents a signif- 
icant increase in the voltage losses. For GOUTthe affect of 
ESRis less dramatic. GOUTis alternately charged and dis- 
charged at a current approximately equal to the output 
current, and the ESR of the capacitor will cause a step 
function to occur, in the output ripple, at the switch transi· 
~ 
tions. This step function will degrade the output regula- 
••• 
tion for changes in output load current, and should be 
avoided. Realizing that large value tantalum capacitors 
can be expensive, a technique that can be used is to paral· 
lei a smaller tantalum capacitor with a large aluminum 
electrolytic capacitor to gain both low ESR and reason· 
able cost. Where physical size is a concern some of the 
newer chip type surface mount tantalum capacitors can 
be used. These capacitors are normally rated at working 
voltages in the 10V-20V range and exhibit very low E.S.R., 
(inthe range of 0.10). 


Output Ripple 


The peak·to·peak output ripple is determined by the value 
of the output capacitor and the output current. Peak·to· 
peak output ripple may be approximated by the formula: 


dV=~ 
2fGOUT 


where dV= popripple 
f = oscillator frequency 


LT1054 


For output capacitors with significant ESR,a second term 
must be added to account for the voltage step at the 
switch transitions. This step is, approximately equal to: 


(210UT)(ESRof COUT) 


Power Dissipation 


The power dissipation of any LT1054circuit must be lim- 
ited such that the junction temperature of the device does 
not exceed the maximum junction temperature ratings. 
The total power dissipation must be calculated from two 
components, the power loss due to voltage drops in the 
switches, and the power loss due to drive current losses. 
The total power dissipated by the LT1054can be calcu- 
lated from: 


P::::(VIN-IVoUTI) (lOUT)+ (VIN)(IoUT)(0.2) 


where both VIN and VOUTare referred to the ground pin 
(Pin 3) of the LT1054. For LT1054 regulator circuits, the 
power dissipation will be equivalent to that of a linear 
regulator. Due to the limited power handling capability of 
the LT1054packages, the user will haveto limit output cur· 
rent requirements or take steps to dissipate some power 
external to the LT1054for large input/output differentials. 
This can be accomplished by placing a resistor in series 
with CINas shown in Figure 6. A portion of the input volt- 
age will then be dropped across this resistor, without af- 
fecting the output regulation. Because switch current is 
approximately 2.2 times the output current, and the resis- 
tor will cause a voltage drop when CIN is both charging 
and discharging, the resistor should be chosen as: 


Rx= Vx/(4.4IOUT) 


where 


Vx::::VIN- [(LT1054voltage loss) (1.3)+ IVOUTII 


and lOUT= maximum required output current. The factor of 
1.3will allow some operating margin for the LT1054. 


For example: assume a + 12Vto - 5V converter at 100mA 
output current. First calculate the power dissipation with· 
out an external resistor: 


P= (12V-1- 5VI)(100mA) + (12V)(100mA)(0.2) 
P= 700mW+ 240mW= 940mW 


At 8JA of 130°CIW for a commercial plastic device this 
would cause a junction temperature rise of 122°C, so that 
the device would exceed the maximum junction tempera· 
ture at an ambient temperature of 25°C. Now calculate the 
power dissipation with an external-resistor (Rx). First find 
how much voltage can be dropped across Rx. The maxi· 
mum voltage loss of the LT1054in the standard regulator 
configuration at 100mAoutput current is 1.6V,so 


Vx= 12V- [(1.6V)(1.3)+ I - 5VII = 4.9Vand 
Rx= 4.9V/(4.4)(100mA)= 110. 


This resistor will reducethe power dissipated by the LT1054 
by (4.9V)(100mA)= 490mW. The total power dissipated by 
the LT1054 would then be = (940mW- 490mW)= 450mW. 
The junction temperature rise would now be only 58°C. 
Although commercial devices are guaranteed to be func- 
tional up to ajunction temperature of 125°C,the specifica· 
tions are only guaranteed up to a junction temperature of 
100°C, so ideally you should limit the junction tempera· 
ture to 100°C. For the above example this would mean 
limiting the ambient temperature to 42°C. Other steps can 
be taken, however, to allow higher ambient temperatures. 
The thermal resistance numbers for the LT1054packages 
represent worst-case numbers with no heat·sinking and 
still air. Small clip-on type heat sinks can be used to lower 
the thermal resistance of the LT1054 package. In some 
systems there may be some available airflow which will 
help to lower the thermal resistance. Wide PC board 
traces from the LT1054leads can also help to remove heat 
from the device. This is especially 
true for 
plastic 
packages. 
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PACKAGE DESCRIPTiOn 
Dimensions 
in inches (millimeters) 
unless otherwise 
noted. 
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LT1054CS/LT10541S 


Switched Capacitor 
Voltage 
Converter 
with Regulator 


DESCRIPTiOn 


The LT1054 is a monolithic, bipolar, switched capacitor 
voltage converter and regulator. The LT1054 provides 
higher output current than previously available converters 
with significantly lower voltage losses. An adaptive switch 
drive scheme optimizes efficiency over a wide range of 
output currents. Total voltage loss at 100mA output cur- 
rent is typically 1.1V.This holds true over the full supply 
voltage range of 3.5Vto 15V.Quiescent current is typically 
2.5mA. 


The LT1054also provides regulation, a feature not previ- 
ously available in switched capacitor voltage converters. 
By adding an external resistive divider, a regulated output 
can be obtained. This output will be regulated against 
changes in both input voltage and output current. The 
LT1054can also be shut down by grounding the feedback 
pin. Supply current in shut down is less than 100J.lA. 


The internal oscillator of the LT1054runs at a nominal fre- 
• 
quency of 25kHz. The oscillator pin can be used to adjust 
the switching frequency, or to externally synchronize the 
LT1054. 


• 100mAOutput Current 
• Low Loss-1.1V at 100mA 
• Operating Range3.5Vto 15V 
• Reference and Error Amplifier for Regulation 
• External Shutdown 
• 
External Oscillator Sync 
• Can be Paralleled 


• Voltage Inverter 
• Negative Voltage Doubler 
• Voltage Regulator 
• Positive Voltage Doubler 


Tj=25°C 


I 
I 


Tj= 
-55°C 


INDICATES GUARANTEED TEST pOINT 
o 
o 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


OUTPUT CURRENT (mA) 


Supply Voltage (Note 1) 
16V 
Input Voltage (Pin 3) 
OVSVPIN3SV+ 
Input Voltage (Pin 13) 
OVSVPIN13SVREF 
Operating Temperature Range 
LT1054e 
ooe to lOoe 
LT10541 
- 40°C to 85°C 
Junction Temperature (Note 2) 
125°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


ORDER PART 
NUMBER 


LT1054CS 
LT10541S 


LT1054CS 
LT10541S 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Current 
IlOAO=OmA 
V1N=3.5V 
• 
2.5 
3.5 
mA 
V1N=15V 
• 
3.0 
4.5 
mA 


Supply Voltage Range 
., 
3.5 
15 
V 


VoltageLoss(V'N-IVoUTI) 
C1N= COUT=100~F Tantalum 
(Note 3) 
lOUT= 10mA 
• 
0.35 
0.55 
V 
IOUT=100mA 
• 
1.10 
1.60 
V 


Output Resistance 
aIOUT= 10mA to 100mA 
(Note 4) 
• 
10 
15 
0 


Oscillator 
Frequency 
3.5V"V1N,,15V 
• 
15 
25 
35 
kHz 


Reference Voltage 
IREF=60~ 
Tj=25°C 
2.35 
2.50 
2.65 
V 
• 
2.25 
2.75 
V 


Regulated Voltage 
V1N= 7V,Tj = 25°C 
(NoteS) 
-4.70 
-5.00 
-5.20 
V 


Line Regulation 
7V"V,N,,12V 
• 
5 
25 
mV 
(NoteS) 


Load Regulation 
V1N=7V 
1000" Rl,,5000 
(NoteS) 
• 
10 
50 
mV 


Maximum Switch Current 
300 
mA 


Supply Current In Shutdown 
VPIN3=OV 
• 
100 
150 
~A 


The • 
denotes specifications 
which apply over the fUll operating tempera· 


ture range. For C grade parts these specifications 
also apply up to a junco 
tion temperature of 100°C. 


Note 1: The absolute maximum supply voltage rating of 16V is for unregu- 
lated circuits. For regulation mode circuits with VOUT,,15V at Pin 11, this 
rating may be increased to 2OV. 


Note 2: The devices are guaranteed by design to be functional 
up to the 
absolute maximum junction temperature. 


Note 3: For voltage loss tests, the device is connected as a voltage 
inverter, with Pins 3,12, and 13 unconnected. The voltage losses may be 
higher in other configurations. 


Note 4: Output resistance is defined as the slope of the curve, (aVOUTvs 
alOUT),for output currents of 10 to 100 mA. This represents the linear por· 
tion of the curve. The incremental slope of the curve will be higher at cur· 
rents < 10mA due to the characteristics 
of the switch transistors. 


Note 5: All regulation specifications 
are for a device connected as a posi- 


tive to negative converter/regulator 
with R1= 20k, R2= 102.5k, C1 = 0.05~F, 


CIN= 10~Ftantalum, COUT=100~F tantalum. 


• Wide Input Voltage Range3V-60V 
• Low Quiescent Current-6mA 
• Internal SASwitch (2.SAfor LT1071) 
• Very Few External Parts Required 
• Self-Protected Against Overloads 
• Operates in Nearly All Switching Topologies 
• Shutdown Mode Draws Only SOJLASupply Current 
• Flyback-Regulated Mode has Fully Floating Outputs 
• Comes in Standard S·PinPackages 
• Can be Externally Synchronized (Consult Factory) 


• Logic Supply SV @ 10A 
• SVLogic to ± 1SVOp Amp Supply 
• Offline Converter up to 200W 
• Battery Upconverter 
• Power Inverter (+ to - )or (- to +) 
• Fully Floating Multiple Outputs 
• For Lower Current Appl ications see LT1072 


USER NOTE: 


This data sheet is only intended 
10provide specifications, 
graphs, and a general functional 
description 
of 


the Ln0701Lnon 
Application 
circuits 
are included 
to show the capability 
of the Ln0701Ln071. A com· 


plete design 
manual (AN·19) should 
be obtained 
10 assist 
in developing 
new desig,ls. 
This manual con- 


tains a comprehensive 
discussion 
of both the l11070 and the external components 
used with ii, as well as 


complete 
formulas 
for calculating 
the values of these components. 
The manual can also be used for the 


LT1071 by factoring 
in the lower switch current rating. A second application 
note, AN·25, which details 


off-line applications 
is available. 


LT1070/LT1071 


SA and 2.5A High Efficiency 
Switching Regulators 


DESCRIPTiOn 


The LT1070and LT1071are monolithic high power switch- 
ing regulators. They can be operated in all standard 
switching configurations 
including buck, boost, flyback, 
forward, inverting and "Cuk". A high current, high effi- 
ciency switch is included on the die along with all oscilla- 
tor, control, and protection circuitry. 
Integration of all 
functions allows the LT1070/LT1071to be built in a stand- 
ard S-pinTO-3or TO-220power package. This makes it ex- 
tremely easy to use and provides "bust proof" operation 
similar to that obtained with 3-pin linear regulators. 


The LT1070/L T1071operates with supply voltages from 3V 
to 60V, and draws only 6mA quiescent current. It can de- 
liver load power up to 100watts with no external power de- 
vices. By utilizing current-mode switching techniques, it 
provides excellent AC and DC load and line regulation. 


The LT1070/LT1071has many unique features not found 
even on the vastly more difficult to use low power control 
•• 
chips presently available. It uses adaptive anti-sat switch 
••• 
drive to allow very wide ranging load currents with no loss 
in efficiency. An externally activated shutdown mode re- 
duces total supply current to SOJLAtypical for standby 
operation. Totally isolated and regulated outputs can be 
generated by using the optional 
"flyback 
regulation 
mode" built into the LT1070/LT1071,without the need for 
opto-couplers or extra transformer windings. 


o 
o 
w 
m 
~ 
~ 
~ 


INPUT 
VOLTAGE 
(V) 


·ROUGH 
GUIDE 
ONLY. 
BUCK 
MOOE 


POUT = 5A x'IJ OUT. SPECIAL 
lOPOlOOIES 


OELIVER 
MORE 
POWER. 


-DIVIDE 
VERTICAL 
POWER 
SCAlf 
BY 2 FORLn071 


Supply Voltage 


LT1070/71HV (See Note 1)....................•.... 
60V 
LT1070/71 (See Note 1) 
40V 
Switch Output Voltage 
LT1070/71 HV 
75V 
LT1070/71 
65V 
Feedback Pin Voltage (Transient, 1ms) 
± 15V 
Operating Junction Temperature Range 
LT1070/71HVM, LT1070/71M 
- 55°C to + 150°C 
LT1070/71 HVC, LT1070/71 C (Oper.) 
O°C to + 100°C 
LT1070/71HVC, LT1070/71C (Sh. Ckt.) 
O°C to + 125°C 
Storage Temperature Range 
- 65°C to + 150°C 
Lead Temperature (Soldering, 10sec) 
300°C 


Note 1: Minimum switch "on" time forthe LT1070/LT1071 in current limit is 
~ 1.0~sec. This limits the maximum input voltage during short circuit 
conditions, in the buck and inverting modes only, to ~35V. Normal 
(unshorted) conditions are not affected. Mask changes are being imple· 
mented which wili reduce minimum "on" time to :sl~sec, increasing 
maximum short circuit input voltage above 40V.lf the present LT10701 
LT1071 (contact factory for package date code) is being operated in the 
buck or inverting mode at high input voltages and short circuit conditions 
are expected, a resistor must be piaced in series with the inductor, as 
foliows: 


ORDER PART NUMBER 


LT1070/L T1071HVM K 
LT1070/L T1071MK 
LT1070/LT1071HVCK 
LT1070/L T1071CK 


LT1070/L T1071HVCT 


LT1070/LT1071CT 


The value of the resistor is given by: 


t· 
f· 
V1N- Vf 
R=-----RL 


1(L1MIT) 


t = Minimum "on" time of LT1070/LT1071 in current limit, ~l~s 


f = Operating frequency (40kHz) 


Vf = Forward voltage of external catch diode at 1(L1MIT) 


1(L1MIT)= 
Current limit of LT1070(~8A), LT1071(~4A) 


RL= Internal series resistance of inductor 


ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, VIN = 15V, Vc =O.5V, VFB =VREF, output pin open. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


VREF 
Reference Voltage 
Measured at Feedback Pin 
1.224 
1.244 
1.264 
V 
• 
1.214 
1.244 
1.274 


IB 
Feedback Input Current 
VFB=VREF 
350 
750 
nA 
• 
1100 


gm 
Error Amplifier 
61c= ±25~A 
3000 
4400 
6000 
~mho 
Transconductance 
• 
2400 
7000 


Error Amplifier Source or 
Vc-1.5V 
150 
200 
350 
~A 
Sink Current 
• 
120 
400 
~A 


Error Amplifier Clamp 
Hi Clamp, VFB= 1V 
1.8 
2.3 
V 
Voltage 
Lo Clamp, VFB= 1.5V 
0.25 
0.38 
0.52 
V 


Reference Voitage Line 
3V :sV1N:sVMAX 
• 
0.03 
'ioN 


Regulation 


Av 
Error Amplifier Voltage 
0.7V:sVc:s1.4V 
500 
800 
2000 
VN 


Gain 


Minimum Input Voltage 
• 
2.6 
3.0 
V 


10 
Supply Current 
3V<VIN<VMAX, Vc=0.6V 
6 
9 
mA 


Control Pin Threshold 
Duty Cycle - 0 
0.8 
0.9 
1.08 
V 
• 
0.6 
1.25 


Normal/Flyback Threshold 
0.4 
0.45 
0.54 
V 
on Feedback Pin 


VFB 
Flyback Reference Voltage 
IFB=50~A 
15 
16.3 
17.6 
V 
• 
14 
18 


ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, VIN = 15V, Vc = O.5V, VFB = VREF, output pin open. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


VFB 
Change in Flyback 
0.05slFBslmA 
4.5 
6.8 
8.5 
V 
Reference Voltage 


Flyback Reference Voltage 
IFB=5O~A 
0.01 
0.03 
%N 
Line Regulation 
3V SV1NSVMAX 


Flyback Amplifier 
Alc= ±lO~A 
150 
300 
500 
~mho 
Transconductance 
(gm) 


Flyback Amplifier Source 
Vc=1.5V 
Source 
• 
15 
32 
70 
~A 
and Sink Current 
IFB= 50~A 
Sink 
• 
25 
40 
70 
~A 


BV 
Output Switch Breakdown 
3V SVINSVMAX 
Ln070/L n071 
• 
65 
90 
V 


Voltage 
Isw=5mA 
LT1070HV/LT1071 HV • 
75 
90 
V 


VSAT 
Output Switch (Note 1) 
LT1070 
• 
0.15 
0.24 
0 
"On" Resistance 
LT1071 
• 
0.3 
0.5 
0 


Control Voltage to Switch 
LT1070 
8 
AIV 
Current Transconductance 
LT1071 
4 
AN 


ILiM 
Switch Current Limit (Ln070) 
Duty Cycle s 50% 
Tj ,,25°C 
• 
5 
10 
A 
Duty Cycle s 50% 
Tj<25°C 
• 
5 
11 
A 
Duty Cycle = 80% (Note 2) 
• 
4 
10 
A 


ILiM 
Switch Current Limit (Ln071) 
Duty Cycles5O% 
Tj,,25°C 
• 
2.5 
5 
A 
Duty Cycles5O% 
Tj<25°C 
• 
2.5 
5.5 
A 
Duty Cycle = 80% (Note 2) 
• 
2 
5 
A 


AIIN 
Supply Current Increase 
25 
35 
mAlA 


Alsw 
During Switch On-Time 


f 
Switching 
Frequency 
35 
40 
45 
kHz 
• 
33 
47 


DC (max) 
Maximum Switch Duty Cycle 
90 
92 
97 
% 


Flyback Sense Delay Time 
1.5 
~s 


Shutdown Mode 
3VSVINSVMAX 
100 
250 
~A 
Supply Current 
Vc=0.05V 


Shutdown Mode 
3VSV1NSVMAX 
100 
150 
250 
mV 
Threshold Voltage 
• 
50 
300 
mV 


The. 
denotes the specifications 
which apply over the full operating 
temperature range. 


Note 1: Measured with Vc in hi clamp, VFB=0.8V.lsw= 
4A for Ln070 and 
2A for LT1071. 


Note 2: For duty cycles (DC) between 50% and 80%, minimum guaranteed 
switch current is given by ILiM= 3.33 (2- DC) for the Ln070 and ILiM= 1.67 
(2 - DC) for the LT1071. 


TYPICAL PERFORmAnCE 
CHARACTERISTICS 
Switch Current Limit vs Duty Cycle 
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SWITCH CURRENT (A) 
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POWER SUPPLY CURRENT IS 
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The LT1070/LT1071is a current mode switcher. This means 
that switch duty cycle is directly controlled by switch current 
rather than by output voltage. Referring to the block diagram, 
the switch is turned "on" at the start of each oscillator cycle. 
It is turned "off" when switch current reaches a predeter· 
mined level. Control of output voltage is obtained by using 
the output of a voltage sensing error amplifier to set current 
trip level.This technique has several advantages. First, it has 
immediate response to input voltage variations, unlike or· 
dinary switchers which have notoriously poor line transient 
response. Second, it reduces the 90° phase shift at midfre- 
quencies in the energy storage inductor. This greatly sim· 
plifies closed loop frequency compensation under widely 
varying input voltage or output load conditions. Finally, it 
allows simple pulse-by-pulse current limiting to provide maxi- 
mum switch protection under output overload or short condi- 


tions. A low-dropout internal regulator provides a 2.3Vsupply 
for all internal circuitry on the LT1070/LT1071.This low- 
dropout design allows input voltage to vary from 3V to 60V 
with virtually no change in device performance. A 40kHz os- 
cillator is the basic clock for all internal timing. It turns "on" 
the output switch via the logic and driver circuitry. Special 
adaptive anti-sat circuitry detects onset of saturation in the 
power switch and adjusts driver current instantaneously to 
limit switch saturation. This minimizes driver dissipation and 
provides very rapid turn-off of the switch. 


A 1.2Vbandgap reference biases the positive input of the er- 
ror amplifier. The negative input is brought out for output 
voltage sensing. This feedback pin has a second function; 
when pulled low with an external resistor, it programs the 
LT1070/LT1071to disconnect the main error amplifier output 


and connects the output of the flyback amplifier to the com· 
parator input. The LT1070/LT1071will then regulate the value 
of the flyback pulse with respect to the supply voltage. This 
flyback pulse is directly proportional to output voltage in the 
traditional transformer coupled f1yback topology regulator. 
By regulating the amplitude of the flyback pulse, the output 
voltage can be regulated with no direct connection between 
input and output. The output is fully floating up to the break- 
down voltage of the transformer windings. Multiple floating 
outputs are easily obtained with additional windings. A spe· 
cial delay network inside the LT1070/LT1071ignores the leak- 
age inductance spike at the leading edge of the flyback pulse 
to improve output regulation. 


The error signal developed at the comparator input is brought 
out externally. This pin lYe) has four different functions. It is 
used for frequency compensation, current limit adjustment, 
soft starting, and total regulator shutdown. During normal 
regulator operation this pin sits at a voltage between O.9V 
(low output current) and 2.0V (high output current). The error 
amplifiers are current output (gm) types, so this voltage can 
be externally clamped for adjusting current limit. Likewise, a 
capacitor coupled external clamp will provide soft start. 
Switch duty cycle goes to zero if the Ve pin is pulled to ground 
through a diode, placing the LT1070/LT1071in an idle mode. 
Pulling the Ve pin below O.15Vcauses total regulator shut· 
down, with only 50JLA supply current for shutdown circuitry 
biasing. SeeAN-19for full application details. 


TYPICAL APPLICATiOnS 
(Note that maximum output currents 
are divided by 2 for LT1071.) 
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PACKAGE DESCRIPTion 
Dimensions 
in inches (millimeters) 
unless otherwise 
noted. 


TO·220 Type Plastic 
T Package 
0,760-0.175 
0320-0.350 
(19,30-19.69)J 


(8,128~8.890) 


:=IT=45 
(2,946) 


MAX 


0,420-0.480 
0.038-0,043 
II 
(10.67-12.19) 
(0.965-1,092)----11-- 
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(~:=~04~~) r 
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~ 
(~~~=~~~) 
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-"" 
4- 
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(0.762-1016) 


I:;;:=:~'~I 
~ 
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(1143-1.397) 
I~n 
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(11,68-12,70) 
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U 
(15.75)(i8"03) 
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8JA 
I 
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I 
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LT107OCK, 
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100°C 
2'CNI 
35'CNI 
I 
LTl071CT, 
LTlO71HVCT 
I 
100°C 
I 
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LTlO71HVMK 
150'C 
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LTl071 
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l00'C 
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35'CIW 


• Available in MiniDIP,TO-220,and TO-3Packages 
• Wide Input Voltage Range3V-60V 
• Low Quiescent Current-6mA 
• Internal1.25A Switch 
• Very Few External Parts Required 
• Self·Protected Against Overloads 
• Operates in Nearly All Switching Topologies 
• Shutdown Mode Draws Only 50jlA Supply Current 
• Flyback-Regulated Mode has Fully Floating Outputs 
• Can be Externally Synchronized 


• Logic Supply 5V @ 2.5A 
• 5V Logic to ± 15VOp Amp Supply 
• Offline Converter up to 50W 
• Battery Upconverter 
• Power Inverter (+ to -) or (- to +) 
• Fully Floating Multiple Outputs 
• Driver for High Current Supplies 


USER NOTE: 


This dala sheet is only intended to provide specifications, 
graphs, and a general functional 
description 
of 


the LT1072. Application 
circuits 
are included to show the capability 
of the LT1072. A complete design 


manual (AN·19) should be obtained 
to assist in developing 
new designs. 
This manual contains 
a compre. 


henslye discussion 
of both the LT1070 and the external 
components 
used with it, as well as complete 


formulas 
for calculating 
the values of these components. 
The manual can also be used for the LTl072 by 


factoring 
in the lower switch current rating. 


LT1072 


1.25A High Efficiency 
Switching Regulator 


DESCRIPTiOn 


The LT1072 is a monolithic 
high 
power switching 
regulator. It can be operated in all standard switching 
configurations including buck, boost, flyback, forward, in- 
verting and "Cuk". A high current, high efficiency switch 
is included on the die along with all oscillator, control, and 
protection circuitry. Integration of all functions allows the 
LT1072to be built in a standard 5-pin TO-3or TO-220power 
package as well as the a-pin miniDIP. This makes it ex- 
tremely easy to use and provides "bust proof" operation 
similar to that obtained with 3-pin linear regulators. 


The LT1072 operates with 
supply voltages 
from 3V 
to 60V, and draws only 6mA quiescent current. It can de- 
liver load power up to 20 watts with no external power de- 
vJces. By utilizing current-mode switching techniques, it 
provides excellent AC and DCload and line regulation. 


The LT1072has many unique features not found even on 
•• 
the vastly more difficult to use low power control chips 
~ 
presently available. It uses adaptive anti-sat switch drive 
to allow very wide ranging load currents with no loss in 
efficiency. An externally activated shutdown mode re- 
duces total supply current to 50jlA typical for standby 
operation. Totally isolated and regulated outputs can be 
generated by using the optional 
"flyback 
regulation 
mode" built into the LT1072,without the need for opto- 
couplers or extra transformer windings. 


TYPICAL APPLICATiOn 


Boost Converter (5V to 12V) 
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MINIDIP OUTPUT POWERMAY BE LIMITED BY PACKAGE TEMPERATURE RISE AT HIGH INPUT 
VDLTAGESOR HIGH DUTY CYCLES. 


Supply Voltage 
LT1072HV (See Note 1) 
60V 
LT1072 (See Note 1) 
40V 
Switch Output Voltage 
LT1072HV 
75V 
LT1072 
65V 
Feedback Pin Voltage (Transient, 1ms) 
± 15V 
Operating Junction Temperature Range 
LT1072HVM, LT1072M 
- 55°C to + 150°C 
LT1072HVC, LT1072C (Oper.) 
O°C to + 100°C 
LT1072HVC, LT1072C (Sh. Ckt.) 
O°C to +125°C 
Storage Temperature Range 
- 65°C to + 150°C 
Lead Temperature (Soldering, 10sec) 
300°C 


Note 1: Minimum switch "on" time forthe LT1072 in current limit is 
=0.7~sec. This limits the maximum input voltage during short circuit 
conditions, 
in the buck and inverting modes only, to = 40V. Normal 


(unshorted) conditions are not affected. If the LT1072 is being operated in 
the buck or inverting mode at high input voltages and short circuit 
conditions 
are expected, a resistor must be placed in series with the 
inductor, as follows: 


The value of the resistor is given by: 


R= (t)(t)(V1N)-V, 
-RL 
1(L1Mln 
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t = Minimum "on" time of Ln072 
in current limit, =O.7~s 


f = Operating frequency (40kHz) 


Vf = Forward voltage of external catch diode at 1(L1Mln 


1(L1Mln= Current limit of Ln072 (2A) 


RL= Internal series resistance of inductor 


ELECTRICAL CHARACTERISTICS 


Unless otherwise 
specified, 
VIN = 1SV, Vc =O.SV, VFB = VREF, output pin open. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


VREF 
Reference Voltage 
Measured at Feedback Pin 
1.224 
1.244 
1.264 
V 
Vc=0.8V 
• 
1.214 
1.244 
1.274 


IB 
Feedback Input Current 
VFB= VREF 
350 
750 
nA 
• 
1100 


gm 
Error Amplifier 
.1lc= ±25~A 
3000 
4400 
6000 
~mho 
Transconductance 
• 
2400 
7000 


Error Amplifier Source or 
Vc= 1.5V 
150 
200 
350 
~A 
Sink Current 
• 
120 
400 
~A 


Error Amplifier Clamp 
HI Clamp, VFB= 1V 
1.8 
2.3 
V 
Voltage 
Lo Clamp, VFB= 1.5V 
0.25 
0.38 
0.52 
V 


Reference Voltage Line 
3VSV,NSVMAX 
• 
0.03 
'ioN 
Regulation 
Vc=0.8V 


Av 
Error Amplifier Voltage 
0.9VsVcs1.4V 
500 
800 
2000 
VN 
Gain 


Minimum Input Voltage 
• 
2.6 
3.0 
V 


10 
Supply Current 
3V<V,N<VMAX, Vc-0.6V 
6 
9 
mA 


Control Pin Threshold 
Duty Cycle = 0 
0.8 
0.9 
1.08 
V 
• 
0.6 
1.25 


Normal/Flyback Threshold 
0.4 
0.45 
0.54 
V 
on Feedback Pin 


ELECTRICAL CHARACTERISTICS 


Unless otherwise specified, VIN = 15V, Vc = O.5V, VFB = VREF, output pin open. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


VFB 
Flyback Reference Voltage 
IFB= 50~A 
15 
16.3 
17.6 
V 
• 
14 
18 


Change in Flyback 
0.05"IFB,,1mA 
4.5 
6.8 
8.5 
V 
Reference Voltage 


Flyback Reference Voltage 
IFB=50~A 
0.01 
0.03 
%N 
Line Regulation 
3V"VIN"VMAX 


Flyback Amplifier 
Alc= 
±10~A 
150 
300 
500 
~mho 
Transconductance 
(gm) 


Flyback Amplifier Source 
Vc=0.6V 
Source 
• 
15 
32 
70 
~A 
and Sink Current 
IFB=50~A 
Sink 
• 
25 
40 
70 
~A 


BV 
Output Switch Breakdown 
3V"VIN"VMAX 
LT1072 
• 
65 
90 
V 
Voltage 
Isw=5mA 
LT1072HV 
• 
75 
90 
V 


VSAT 
Output Switch (Note 1) 
Isw= 1.25A 
• 
0.6 
1 
() 


"On" Resistance 


Control Voltage to Switch 
2 
AN 
Current Transconductance 


ILiM 
Switch Current Limit 
Duty Cycle ,,50% 
Tj2:25°C 
• 
1.25 
3 
A 
Duty Cycle ,,50% 
Tj<25°C 
• 
1.25 
3.5 
A 
Duty Cycle = 80% (Note 2) 
• 
1 
2.5 
A 


AIIN 
Supply Current Increase 
25 
35 
mAlA 
Alsw 
During Switch On·Time 


f 
Switching 
Frequency 
35 
40 
45 
kHz 
• 
33 
47 


DC (max) 
Maximum Switch Duty Cycle 
90 
92 
97 
% 


Flyback Sense Delay Time 
1.5 
~s 


Shutdown Mode 
3V"VIN"VMAX 
100 
250 
~A 
Supply Current 
Vc= 0.05V 


Shutdown Mode 
3V"VIN"VMAX 
100 
150 
250 
mV 
Threshold Voltage 
• 
50 
300 
mV 


The. 
denotes the specifications 
which apply over the full operating 
temperature 
range. 


Note 1: Measured with Vc in hi clamp, VFB= 0.8V. 


III 


Note 2: For duty cycles (DC) between 50% and 80%, minimum guaranteed 
switch current is given by ILiM= 0.833 (2 - DC). 


TYPICAL PERFORmAnCE 
CHARACTERISTICS 
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The LT1072 is a current mode switcher. This means that 
switch duty cycle is directly controlled by switch current 
rather than by output voltage. Referring to the block dia· 
gram, the switch is turned "on" at the start of each oscilla· 
tor cycle. It is turned "off" when switch current reaches a 
predetermined level. Control of output voltage is obtained 
by using the output of a voltage sensing error amplifier to 
set current trip level. This technique has several advan· 
tages. First, it has immediate response to input voltage 
variations, unlike ordinary switchers which have notori- 
ously poor line transient response. Second, it reduces the 
90° phase shift at midfrequencies in the energy storage in· 
ductor. This greatly simplifies closed loop frequency com· 
pensation under widely varying input voltage or output 
load conditions. Finally, it allows simple pulse-by-pulse 
current limiting to provide maximum switch protection 
under output overload or short conditions. A low-dropout 
internal regulator provides a 2.3Vsupply for all internal cir- 


cuitry on the LT1072.This low·dropout design allows input 
voltage to vary from 3V to 60V with virtually no change in 
device performance. A 40kHz oscillator is the basic clock 
for all internal timing. It turns "on" the output switch via 
the logic and driver circuitry. Special adaptive antisat cir· 
cuitry detects onset of saturation in the power switch and 
adjusts driver current instantaneously 
to limit switch 
saturation. This minimizes driver dissipation and provides 
very rapid turn-off of the switch. 


A 1.2Vbandgap referencebiasesthe positive input of the er· 
ror amplifier. The negative input is brought out for output 
voltage sensing. This feedback pin has a second function; 
when pulled low with an external resistor, it programs the 
LT1072to disconnect the mainerroramplifier output andcon· 
nects the output of the flyback amplifier to the comparator in· 
put. The LT1072will then regulate the value of the flyback 
pulsewith respectto the supplyvoltage.This flyback pulse is 


directly proportional to output voltage in the traditional trans· 
former coupled flyback topology regulator. By regulating the 
amplitude of the flyback pulse, the output voltage can be 
regulated with no direct connection between input and out· 
put. The output is fully floating up to the breakdown voltage 
of the transformer windings. Multiple floating outputs are 
easily obtained with additional windings. A special delay net· 
work inside the mon ignores the leakage inductance spike 
at the leading edge of the flyback pulse to improve output 
regulation. 


Theerror signal developed at the comparator input is brought 
out externally. This pin lYe) has four different functions. It is 
used for frequency compensation, current limit adjustment, 
soft starting, and total regulator shutdown. During normal 
regulator operation this pin sits at a voltage between 0.9V 
(low output current) and 2.0V(high output current). The error 
amplifiers are current output (gm)types, so this voltage can 
be externally clamped for adjusting current limit. Likewise, a 
capacitor coupled external clamp will provide soft start. 
Switch duty cycle goesto zeroif the Vc pin is pulled to ground 
through a diode, placing the LT1072in an idle mode. Pulling 
the Vc pin below 0.15Vcauses total regulator shutdown, with 
only 50~ supply current for shutdown circuitry biasing. See 
AN·19for full application details. 


Extra Pins on the MiniDIP Package 


The miniDIP mon has the emitters of the power transis· 
tor brought out separately from the ground pin. This elim- 
inates errors due to ground pin voltage drops and allows 
the user to reduce switch current limit 2:1 by leaving the 
second emitter (E2) disconnected. The first emitter (E1) 
should always be connected to the ground pin. Note that 
switch "on" resistance doubles when E2 is left open, so 
efficiency will suffer somewhat when switch currents ex- 
ceed 100mA. Also, note that chip dissipation will actually 
increase with E2open during normal load operation, even 
though dissipation 
in current limit mode will decrease. 


See "Thermal Considerations." 


Thermal Considerations When Using the MiniDIP Package 


The low supply current and high switch efficiency of the 
LT1072allow it to be used without a heat sink in most ap· 
plications when the TO·220 or TO-3 package is selected. 


These packages are rated at 50°C/W and 35°C/W respec- 
tively. The miniDIPs, however, are rated at 100°C/W in ceo 
ramic (J) and 130o/W in plastic (N). 


Care should be taken for miniDIP applications to ensure 
that the worst case input voltage and load current condi· 
tions do not cause excessive die temperatures. The follow· 
ing formulas can be used as a rough guide to calculate 
mon power dissipation. 
For more details, the reader 
is referred to Application 
Note 19 (AN·19), "Efficiency 
Calculations" section. 


Average supply current (including driver current) is: 


IIN",,6mA+ Isw(0.004+ DC/40) 


Isw= switch current 
DC= switch duty cycle 


Switch power dissipation is given by: 


Psw= (lsw)2• Rsw • DC 


Rsw= LT1072switch "on" resistance (1(J maximum) 
• 


Total power dissipation is the sum of supply current times 
input voltage plus switch power: 


PTOT= (IIN)(VIN)+ Psw 


In a typical example, using a boost convertor to generate 
+ 12V@0.12A from a + 5V input, duty cycle is approxi- 
mately 60%, and switch current is about 0.65A, yielding: 


IIN= 6mA + 0.65(0.004+ DC/40) = 18mA 


Psw= (0.65)2• 1(J • (0.6)= 0.25W 


PTOT= (5V)(0.018A)+ 0.25= 0.34W 


Temperature rise in a plastic miniDIP would be 130°C/W 
times 0.34W, or approximately 44°C. The maximum ambi· 
ent temperature would be limited to 100°C (commercial 
temperature limit) minus 44°C, or 56°C. 


In most applications, full load current is used to calculate 
die temperature. However, if overload conditions 
must 
also be accounted for, four approaches are possible. First, 
if loss of regulated output is acceptable under overload 
conditions, the internal thermal 
limit 
0\ the L1'~()72will 
protect the die in most applications by shutting off switch 


current. Thermal limit is not a tested parameter, however, 
and should be considered only for non·critical applica· 
tions with temporary overloads. A second approach is to 
use the larger TO·220(T)or TO·3 (K) package which, even 
without a heat sink, may limit die temperatures to safe lev· 
els under overload conditions. In critical situations, heat 
sinking of these packages is required; especially if over· 
load conditions must be tolerated for extended periods of 
time. 


The third approach for lower current applications is to 
leave the second switch emitter (miniDIP only) open. This 
increases switch "on" 
resistance by 2:1, but reduces 
switch current limit by 2:1 also, resulting in a net 2:1 reduc· 
tion 
in 
12R 
switch 
dissipation 
under 
current 
limit 
conditions. 


The fourth approach is to clamp the Ve pin to a voltage 
less than its internal clamp level of 2V.The LT1070switch 
current limit is zero at approximately 1Von the Ve pin and 
2A at 2V on the Ve pin. Peak switch current can be ex· 
ternally clamped between these two levels with a diode. 
See AN·19for details. 


LT1072Synchronizing 


The LT1072 can be externally synchronized in the fre· 
quency range of 48kHz to 70kHz. This is accomplished as 
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shown in the accompanying figures. Synchronizing occurs 
when the Ve pin is pulled to ground with an external tran· 
sistor. To avoid disturbing the DCcharacteristics of the in· 
ternal error amplifier, the width of the synchronizing pulse 
should be under 111s. C2 sets the pulse width at :. 0.35I1s. 
The effect of a synchronizing pulse on the LT1072 ampli· 
fier offset can be calculated from: 


t:.Vos= (~) 
(tsl(fs) (IC+~) 


Ie 


KT=26mV@250C 
q 
ts = pulse width 
fs = pulse frequency 
Ie = LT1072Ve source current (",200pA) 
Ve = LT1072operating Vevoltage (1V-2V) 
R3= resistor used to set mid·frequency "zero" in LT1072 
frequency compensation network. 


With ts = 0.35I1S, fs = 50kHz, Ve= 1.5V, and R3= 2KO, off· 
set voltage shift is ",2.2mV. This is not particularly bother· 
some, but note that high offsets could result if R3 were 
reduced to a much lower value. Also, the synchronizing 
transistor must sink higher currents with low values of R3, 
so larger drives may have to be used. The transistor must 
be capable of pulling the Ve pin to within 200mV of ground 
to ensure synchronizing. 
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• Wide Input Voltage Range 3V-40V 
• Low Quiescent Current-6mA 
• Internal5A Switch (2.5Afor LT1171) 
• Very Few External Parts Required 
• Self·Protected Against Overloads 
• Operates in Nearly All Switching Topologies 
• Shutdown Mode Draws Only 50~ Supply Current 
• Flyback·Regulated Mode has Fully Floating Outputs 
• Comes in Standard 5-Pin Packages 
• Can be Externally Synchronized 


• Logic Supply 5V @ 10A 
• 5V Logic to ± 15VOp Amp Supply 
• Offline Converter up to 200W 
• Battery Upconverter 
• Power Inverter (+ to - ) or (- to +) 
• Fully Floating Multiple Outputs 
• For Lower Current Applications see LT1172 


USEIlNOTE: 


This data sheet Is only intended 
to provide specifications, 
graphs, and a general functional 
description 
of 


the LT11701LT1171. Application 
circuits 
are included 
to show the capability 
of the LT117Il1LT1171. 
A com- 


plete design 
manual 
(AN·l9) 
should 
be obtained 
to assist 
In deyeloplng 
new designs, 
This manual 
con- 


tains a comprehenslye 
discussion 
of both the LT107o and the extemal 
components 
used with It, as well as 


complete 
fonmulas 
for calculating 
the Yalues of these components, 
The manual 
can also be used for the 


LT1170 and LT1171 by factoring 
In the higher frequency. 
A second 
application 
note, AN·25, which details 


oN·line applications 
is ayailabie. 


LTl170/LTl171 


5A and 2.5A High Efficiency 
100kHz Switching 
Regulators 


DESCRIPTiOn 


The LT1170and LT1171are monolithic high power switch- 
ing regulators. They can be operated in all standard 
switching configurations 
including buck, boost, flyback, 


forward, inverting and "Cuk". A high current, high effi· 
ciency switch is included on the die along with all oscilla· 
tor, control, and protection 
circuitry. 
Integration 
of all 
functions allows the LT1170/LT1171to be built in a stand· 
ard 5·pin TO-3or TO·220power package. This makes them 
extremely easy to use and provides "bust proof" operation 
similar to that obtained with 3-pin linear regulators. 


The LT1170/LT1171operates with supply voltages from 3V 
to 40V, and draws only 6mA quiescent current. It can de· 
liver load power up to 100watts with no external power de· 
vices. By utilizing current·mode switching techniques, it 
provides excellent AC and DC load and line regulation. 


The LT1170/LT1171 has many unique features not found 
even on the vastly more difficult to use low power control 
chips presently available. It uses adaptive anti-sat switch 
drive to allow very wide ranging load currents with no loss 
in efficiency. An externally activated shutdown mode re- 
duces total supply current to 50/lA typical for standby 
operation. 
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Supply Voltage 
LT1170171(See Note 1) 
40V 
Switch Output Voltage 
LT1170/71 
65V 
Feedback Pin Voltage (Transient, 1ms) 
± 15V 
Operating Junction Temperature Range 
LT1170/71M 
-55°Cto 
+ 150°C 
LT1170/71C (Oper.) 
O°C to + 100°C 
LT1170/71C (Sh. Ckt.) .........•........ 
O°C to + 125°C 
Storage Temperature Range 
- 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) 
300°C 


Note1: 
Minimum effective switch "on" time for the LT1170/71(in current 
limit only) is =0.6~s. This limits the maximum safe input voltage during an 
output shorted condition. Buck mode and inverting mode input voltage is 
limited to: 


RoiL 
+Vf 
V1N (max, output shorted) = 15V+ --- 
buck and inverting mode 
to f 
R= Inductor DC Resistance 


IL = lOA for LT1170and 5A for LT1171 


Vf = Output Catch Diode Forward Voltage at IL 
t = 0.6~s, f = 100kHz Switching Frequency 


ORDER PART 
NUMBER 


LT1170/LT1171 MK 
LT1170/LT1171CK 


Maximum input voltage can be increased by increasing R or Vf. 


Transformer designs will tolerate much higher input voltages because 
leakage inductance limits rate of rise of current in the switch. These 
designs must be evaluated individually to assure that current limit is well 
controlled up to maximum input voltage. 


Boost mode designs are never protected against output shorts because the 
external catch diode and inductor connect input to output. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


VREF 
Reference Voltage 
Measured at Feedback Pin 
1.224 
1.244 
1.264 
V 
Vc=0.8V 
• 
1.214 
1.244 
1.274 


IB 
Feedback Input Current 
VFB=VREF 
350 
750 
nA 
• 
1100 


gm 
Error Amplifier 
dlC= ±25~A 
3000 
4400 
6000 
~mho 
Transconductance 
• 
2400 
7000 


Error Amplifier Source or 
Vc= 1.5V 
150 
200 
350 
~A 
Sink Current 
• 
120 
400 
~A 


Error Amplifier Clamp 
Hi Clamp, VFB= 1V 
1.8 
2.3 
V 
Voltage 
LoClamp, VFB=1.5V 
0.25 
0.38 
0.52 
V 


Reference Voltage Line 
3V SV1N SVMAX 
• 
0.03 
'ioN 
Regulation 
Vc=0.8V 


Av 
Error Amplifier Voltage 
0.9VsVcsl.4V 
500 
800 
2000 
VN 
Gain 


Minimum Input Voltage 
• 
2.6 
3.0 
V 


10 
Supply Current 
3V<V1N<VMAX, 
Vc=0.6V 
6 
9 
mA 


Control Pin Threshold 
Duty Cycle = 0 
0.8 
0.9 
1.08 
V 
• 
0.6 
1.25 


ELECTRICAL CHARACTERISTICS 


Unless otherwise specified, VIN = 15V, Vc = O.5V, VFB = VREF, output pin open. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


BV 
Output Switch Breakdown 
3V:sV1N:sVMAX 
LT1170, LT1171 
• 
65 
90 
V 


Voltage 
Isw=5mA 


VSAT 
Output Switch (Note 1) 
LT1170 
• 
0.15 
0.24 
0 


"On" Resistance 
LT1171 
• 
0.3 
0.5 
0 


Control Voltage to Switch 
LT1170 
8 
AN 
Current Transconductance 
LT1171 
4 
AN 


IUM 
Switch Current Limit (LT1170) 
Duty Cycle = 50% 
TJ2:25°C 
• 
5 
10 
A 
Duty Cycle = 50% 
TJ<25°C 
• 
5 
11 
A 
Duty Cycle = 80% (Note 2) 
• 
4 
10 
A 


IUM 
Switch Current Limit(LT1171) 
Duty Cycle = 50% 
TJ2:25°C 
• 
2.5 
5 
A 
Duty Cycle = 50% 
TJ<25°C 
• 
2.5 
5.5 
A 
Duty Cycle = 80% (Note 2) 
• 
2 
5 
A 


Jl.IIN 
Supply Current Increase 
25 
35 
mAlA 


Jl.lsw 
During Switch On-Time 


f 
Switching 
Frequency 
88 
100 
112 
kHz 
• 
85 
115 
kHz 


DC (max) 
Maximum Switch Duty Cycle 
80 
90 
95 
% 


Shutdown 
Mode 
3V:sV1N:sVMAX 
100 
250 
p.A 


Supply Current 
Vc=0.05V 


Shutdown 
Mode 
3V:sV1N:sVMAX 
100 
150 
250 
mV 
Threshold Voltage 
• 
50 
300 
mV 


The. 
denotes the specifications 
which apply over the full operating 
temperature 
range. 


Note 1: Measured with Vc in hi clamp, VFB=0.8V.lsw=4A 
for LT1170 and 
2A for LT1171. 


Note 2: For duty cycles (DC) between 50% and 80%, minimum guaranteed 
switch current is given by IUM= 3.33 (2 - DC) for the LT1170 and IUM= 1.67 
(2 - DC) forthe 
LT1171. 
III 


-55'C 
/?5'C 


125'C 


...;;::: 


o 


o 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


DUTY CYCLE (%) 


'DIVIDEVERTICALSCALEBY 
TWO FOR LT1171 


Minimum Input Voltage 


2.9 


Switch Saturation Voltage 


1.6 


~ 
w 
coz« 
1'3 
1 
w 
~ 
0 
o 
:: -1 
'-' 
a5 -2 
ffi 
~ -3 
-4 


w 
~ 
2.7 
5' 


~ 
2.6 
~ 


'"§i 2.5 
Z,. 
2.4 


2.3 
-75'- 
50 -25 
0 
25 
50 
75 
100 
125 
150 


TEMPERATURE (0G) 


Reference Voltage YS Temperature 


1.250 


...... 
v 
r---. r--.... 


.•..•.. 


••...•. 


~ 
1.2 
« 
':J 
~ 
1.0 


zo 
~ 
0.8 


::> 
~ 
0,6 
<n 
'"~ 
0.4 


~ 0.2 


2 
3 
4 
5 
6 
SWITCH CURRENT (A)' 


'DIVIDE 
CURRENT BY 2 FOR LT1171 


Supply Current YS Supply Voltage 
(Shutdown Mode) 


TI=25°C 


Vc=50mV 


.......- ....- 


Vc=OV 


I •..•• 


2:: 1.246 


~ 
1.244 
':Jo 
~ 
1.242 


ffi 
1.240 


~ 
1.238 


1.234 


-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
150 
TEMPERATURE (0G) 


/ 


V 
/ 


V 1/ 


Tj~ -ssos.- 
V 


1/ /' 
Tj~25°C 


./ ~ V 


...•• ~ 


Feedback Bias Current YS 
Temperature 


800 


700 


1600 
>-z!500 


<n 400 
«a; 
~ 
300 
~ 


~ 
200 


100 


••........t---.. - 


"'- 
-- 


120 
~ 
r:: 


~ 
60 
gs 
40 


o 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
150 
TEMPERATURE (0G) 


15 


14 


13 
! 12I;~ 


~ 


Tj=25°C 
I 


NOTE THAT THIS CURRENT oaES NOT 
INCLUDE DRIVER CURRENT, WHICH IS !--- 


A FUNCTION OF LOAD CURRENT AND 
DUTY CYCLE. 
90% 
DUTY CYCLE 
-r--r- 


50 


1 
% DUT~ CYCLE 


10% DUTY CYCLE 


0(', 
DUTY 
I 
CYCLE 


Shutdown Mode Supply Current 


200 


180 


160 
1 
140i 120 


::> 
100 
'-'i 80 


<n 
60 


40 


20 


o 


o 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


Vc PIN VOLTAGE (mV) 


'AVERAGE 
LT1170 POWER SUPPLY CURRENT IS 


FOUND BY MULTIPLYING 
DRIVER CURRENT BY 
DUTY CYCLE, THEN ADDING QUIESCENT 
CURRENT. 


20 
30 
40 
50 
60 


INPUT VOLTAGE (V) 


'UNDER 
VERY LOW OUTPUT CURRENT 


CONDITIONS, 
DUTY CYCLE FOR MOST 


CIRCUITS WILL APPROACH 10% OR LESS. 


Error Amplifier Transconductance 


5000 


4500 


04000 


l3500 
w 
~ 
3000 
« 
~ 
2500 
is 2000 
'-' 
~ 
1500 
<2 
~ 
1000 


G 
_ 
AI- 
(Vc PIN) 
m - 
t>.V (FB PIN) 


•.. 
r--- 


30 


60 
."I 


90 ~ 


120 - 


150 


180 


210 


10M 


Idle Supply Current ys 
Temperature 


11 


10 


500 


o 


-75-50-250255075100125150 


TEMPERATURE 1°C) 


Feedback Pin Clamp Voltage 


500 


450 


400 


~ 
350 


~ 
300 
>'!'g 250 
'"~ 
200 


~ 
150 


100 


50 


o 
o 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1 
FEEDBACK CURRENT (mA) 


"-- 


-55°C 
---;ic-- 
-- l' 
r- 


150°C 
r- 


Transconductance of Error 
Amplifier 


~ 
:;:; 250 
~ 
~ 
200 
§; 


~ 
150 


I 


I 


Vc ~ 
0.6V 


VSUPPLY 
60V 


~ 
VSUPPLY- 
3V 


:g 5000 
'i 
~ 
4000 
z 


~ 
3000 
25§ 2000 


~ 
1000 
~ 


o 
0 
-75 
-50 
-25 
0 
25 
50 
75 
roo 
125 
150 


TEMPERATURE 1°C) 


1000 


900 


BOO 
1700 


~ 
600 
B 500 


@ 400 


~ 
300 


200 


100 


o 
o 
10 
20 
30 
40 
50 
60 
70 
BO 
90 
100 


SWITCH VOLTAGE IV) 


V SUPPLY= 55V 
- 


VSUPPLY= 40V 7 
VSUPPLY= 15V 
.,- 


VSUPPLY= 3V ~ 


J 


-300 ~! 
-250:2 
I- 
7 
~ ~ 
-200 ~ a 


-150~ 
>- 


~ ~ 
-100- 
•• 
~ 


1 


-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
150 
TEMPERATURE (OC) 


Vc Pin Characteristics 


300 


1 100 
~ 
z 
w 
'"'"co 
~ -100 
0: 
~ -200 


0.5 
1.0 
1.5 
2.0 


Vc PIN VOLTAGE (V) 


The LT1170/LT1171is a current mode switcher. This means 
that switch duty cycle is directly controlled by switch current 
rather than by output voltage. Referring to the block diagram, 
the switch is turned "on" at the start of each oscillator cycle. 
It is turned "off" when switch current reaches a predeter- 
mined level. Control of output voltage is obtained by using 
the output of a voltage sensing error amplifier to set current 
trip level.This technique has several advantages. First, it has 
immediate response to input voltage variations, unlike or- 
dinary switchers which have notoriously poor line transient 
response. Second, it reduces the 90° phase shift at midfre- 
quencies in the energy storage inductor. This greatly sim- 
plifies closed loop frequency compensation under widely 
varying input voltage or output load conditions. Finally, it 
allows simple pulse-by-pulse current limiting to provide maxi- 
mum switch protection under output overload or short condi- 


tions. A low-dropout internal regulator provides a 2.3Vsupply 
for all internal circuitry on the LT1170/LT1171.This low- 
dropout design allows input voltage to vary from 3V to 60V 
with virtually no change in device performance. A 100kHzos- 
cillator is the basic clock for all internal timing. It turns "on" 
the output switch via the logic and driver circuitry. Special 
adaptive anti-sat circuitry detects onset of saturation in the 
power switch and adjusts driver current instantaneously to 
limit switch saturation. This minimizes driver dissipation and 
provides very rapid turn-off of the switch. 


A 1.2Vbandgap reference biases the positive input of the er- 
ror amplifier. The negative input is brought out for output 
voltage sensing. This feedback pin has a second function; 
when pulled low with an external resistor, it programs the 
LT1170/LT1171to disconnect the main error amplifier output 


and connects the output of the flyback amplifier to the com· 
parator input. The LT1170/LT1171will then regulate the value 
of the flyback pulse with respect to the supply voltage>. This 
flyback pulse is directly proportional to output voltage in the 
traditional transformer coupled flyback topology regulator. 
By regulating the amplitude of the flyback pulse, the output 
voltage can be regulated with no direct connection between 
input and output. The output is fully floating up to the break· 
down voltage of the transformer windings. Multiple floating 
outputs are easily obtained with additional windings. A spe· 
cial delay network inside the LT1170/LT1171ignores the leak· 
age inductance spike at the leading edge of the flyback pulse 
to improve output regulation. 


'See note under block diagram. 


The error signal developed at the comparator input is brought 
out externally. This pin eve) has four different functions. It is 
used for frequency compensation, current limit adjustment, 
soft starting, and total regulator shutdown. During normal 
regulator operation this pin sits at a voltage between O.9V 
(low output current) and 2.0V (high output current). The error 
amplifiers are current output (gm) types, so this voltage can 
be externally clamped for adjusting current limit. Likewise, a 
capacitor coupled external clamp will provide soft start. 
Switch duty cycle goes to zero if the Vc pin is pulled to ground 
through a diode, placing the LT1170/LT1171 in an idle mode. 
Pulling the Vc pin below O.15Vcauses total regulator shut· 
down, with only 5O~ supply current for shutdown circuitry 
biasing. SeeAN·19for full application details. 
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PACKAGE DESCRIPTion 
Dimensionsin inches(millimeters)unlessotherwise noted. 


TO.3 TypeMetal Can (Steel) K Package 
TO·220TypePlastic 
TPackage 


0.170_0.~'~ 
~) 


0.0045-0.055 


(~) 


0.••• -0.500 n 
(11.68-12.70) 
0.620 
0710 


(15.75) 
(18.03) 


TJMAX 
9JC 
9JA 
LT1170MK 
150'C 
2'CN/ 
35'CN/ 


LT1170CK 
l00'C 
2'CN/ 
35'CN/ 


LT1171MK 
150'C 
.'CN/ 
35'CN/ 


LTl171CK 
l00'C 
.'CN/ 
35'CN/ 


• Available in MiniDIP,TO·220,and TO·3Packages 
• Wide Input Voltage Range3V-60V 
• Low Quiescent Current-6mA 
• Internal1.25A Switch 
• Very Few External Parts Required 
• Self·Protected Against Overloads 
• Operates in Nearly All Switching Topologies 
• Shutdown Mode Draws Only 50ILA Supply Current 
• Comes in Standard 5·Pin Packages 
• Can be Externally Synchronized 


• Logic Supply 5V @ 2.5A 
• 5V Logic to ± 15VOp Amp Supply 
• Offline Converter up to 50W 
• Battery Upconverter 
• Power Inverter (+ to -) or (- to +) 
• Fully Floating Multiple Outputs 
• Driver for High Current Supplies 


USER NOTE: 


This data sheet is only intended 
to provide speciticatlons, 
graphs, and a general lunctlonal 
description 
of 


the LT1172. Application 
circuits 
are included 
to show the capability 
of the LT1172. A complete 
design 


manual (AN·l9) should 
be obtained 
to assist in developing 
new designs. This manual contains 
a compre- 


hensive discussion 
01 both the LT1070 and the external 
componenls 
used with ~. as well as complete 


lonmulas 
10< calculating 
the values 
01 these components. 
The manual can also be used 10< the LT1172 by 


lactoring 
In the lower switch current rallng, and higher frequency. 


LTl172 


1.25A High Efficiency 
100kHz Switching Regulator 


DESCRIPTiOn 


The LT1172is a monolithic high power switching regulator. 
It can be operated in all standard switching configurations 
including 
buck, boost, flyback, forward, inverting and 
"Cuk". A high current, high efficiency switch is included 
on the die along with all oscillator, control, and protection 
circuitry. Integration of all functions allows the LT1172to 
be built in a standard 5·pin TO·3or TO·220power package 
as well as the a·pin mini DIP.This makes it extremely easy 
to use and provides "bust proof" operation similar to that 
obtained with 3·pin linear regulators. 


The LT1172operates with supply voltages from 3V to 60V, 
and draws only 6mA quiescent current. It can deliver load 
power up to 20 watts with no external power devices. By 
utiliZing current·mode switching techniques, it provides 
excellent AC and DCload and line regulation. 


The LT1172has many unique features not found even on 
the vastly more difficult to use low power control chips 
presently available. It uses adaptive anti·sat switch drive 
to allow very wide ranging load currents with no loss in 
efficiency. 
An externally activated shutdown mode reo 
duces total supply current to 50ILA typical for standby 
operation. 


III 


TYPICAL APPLICATiOn 
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MINIOIP OUTPUT POWER MAV BE LIMITED BY PACKAGE TEMPERATURE RISE AT HIGH INPUT 
VOLTAGESOR HIGH DUTY CYCLES. 


Supply Voltage 
LT1172HV (See Note 1) 
60V 
LT1172(See Note 1) 
40V 
Switch Output Voltage 
LT1172HV 
75V 
LT1172 
65V 
Feedback Pin Voltage (Transient, 1ms) 
± 15V 
Operating Junction Temperature 
Range 
LT1172HVM, LT1172M 
- 55°C to + 150°C 
LT1172HVC, LT1172C(Oper.) 
O°C to + 100°C 
LT1172HVC, LT1172C(Sh. Ckt.) 
O°C to + 125°C 
Storage Temperature 
Range 
- 65°C to + 150°C 
Lead Temperature 
(Soldering, 10sec) 
300°C 


Note 1: Minimum switch "on" time for the LT1172in current limit is 
,,0.6~sec. This limits the maximum input voltage during short circuit 
conditions, 
in the buck and inverting modes only, to ,,25V. Normal 
(unshorted) conditions 
are not affected. If the LT1172is being operated in 
the buck or inverting mode at high input voltages and short circuit 
conditions 
are expected, a resistor must be placed in series with the 
inductor, as follows: 


The value of the resistor is given by: 


R= (t)(f)(V,N) - Vf _ R 
L 
I(LIMIT) 
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ORDER PART NUMBER 


LT1172HVMK 
LT1172MK 
LT1172HVCK 
LT1172CK 


LT1172HVCT 
LT1172CT 


LT1172MJ8 
LT1172CJ8 
LT1172CN8 


t= Minimum "on" time of LT1172in current limit, ,,0.6~s 


f = Operating frequency (100kHz) 


Vf = Forward voltage of external catch diode at IILIMIT) 


IllIMIT)= Current limit of LT1172(2A) 


RL= Internal series resistance 
of inductor 


ELECTRICAL CHARACTERISTICS 


Unless otherwise specified, VIN = 15V, Vc = O.5V, VFB = VREF, output pin open. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


VREF 
Reference Voltage 
Measured at Feedback Pin 
1.224 
1.244 
1.264 
V 
Vc=0.8V 
• 
1.214 
1.244 
1.274 


IB 
Feedback Input Current 
VfB=VREF 
350 
750 
nA 
• 
1100 


gm 
Error Amplifier 
dlC= ±25~ 
3000 
4400 
6000 
~mho 
Transconductance 
• 
2400 
7000 


Error Amplifier 
Source or 
Vc= 1.5V 
150 
200 
350 
~A 
Sink Current 
• 
120 
400 
~A 


Error Amplifier 
Clamp 
Hi Ciamp, VFB= 1V 
1.8 
2.3 
V 
Voltage 
Lo Clamp, VFB= 1.5V 
0.25 
0.38 
0.52 
V 


Reference Voltage Line 
3VSV,NSVMAX 
• 
0.03 
'ioN 
Regulation 
Vc=0.8V 


Av 
Error Amplifier 
Voltage 
0.9VsVcs1.4V 
500 
800 
2000 
VN 
Gain 


Minimum Input Voltage 
• 
2.6 
3.0 
V 


10 
Supply Current 
3V<V,N<VMAX, Vc=0.6V 
6 
9 
mA 


Control Pin Threshold 
Duly Cycle = 0 
0.8 
0.9 
1.08 
V 
• 
0.6 
1.25 


ELECTRICAL CHARACTERISTICS 


Unless otherwise specified, VIN = 15V, Vc = O.5V, VFB = VREF, output pin open. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


BV 
Output Switch Breakdown 
3VSVINSVMAX 
LT1172 
• 
65 
90 
V 
Voltage 
Isw=5mA 
LT1172HV 
• 
75 
90 
V 


VSAT 
Output Switch (Note 1) 
• 
0.6 
1 
{) 


"On" Resistance 


Control Voltage to Switch 
2 
AN 


Current Transconductance 
ILiM 
Switch Current Limit 
Duty Cycle = 50% 
TJ2:25°C 
• 
1.25 
3 
A 
Duty Cycie = 50% 
TJ<25°C 
• 
1.25 
3.5 
A 
Duty Cycle = 80% (Note 2) 
• 
1 
2.5 
A 


AIIN 
Supply Current Increase 
25 
35 
mAlA 


Alsw 
During Switch On-Time 


f 
Switching Frequency 
88 
100 
112 
kHz 
• 
85 
115 
kHz 


DC (max) 
Maximum Switch Duty Cycle 
80 
90 
95 
% 


Shutdown Mode 
3VSV1NSVMAX 
100 
250 
p.A 


Supply Current 
Vc= 0.05V 


Shutdown Mode 
3VSVINSVMAX 
100 
150 
250 
mV 
Threshold Voltage 
• 
50 
300 
mV 


The. 
denotes the specifications 
which apply over the full operating 
temperature range. 
Note 1: Measured with Vc in hi clamp, VFB= 0.8V. 


Note 2: For duty cycles (DC) between 50% and 80%, minimum guaranteed 
switch current is given by ILiM = 0.833 (2- DC). 
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The LT1172is a current mode switcher. This means that 
switch duty cycle is directly controlled by switch current 
rather than by output voltage. Referring to the block dia- 
gram, the switch is turned "on" at the start of each oscilla- 
tor cycle. It is turned "off" when switch current reaches a 
predetermined level. Control of output voltage is obtained 
by using the output of a voltage sensing error amplifier to 
set current trip level. This technique has several advan- 
tages. First, it has immediate response to input voltage 
variations, unlike ordinary switchers which have notori- 
ously poor line transient response. Second, it reduces the 
90° phase shift at midfrequencies in the energy storage in- 
ductor. This greatly simplifies closed loop frequency com- 
pensation under widely varying input voltage or output 


load conditions. Finally, it allows simple pulse-by-pulse 
current limiting to provide maximum switch protection 
under output overload or short conditions. A low-dropout 
internal regulator provides a 2.3Vsupply for all internal cir- 
cuitry on the LT1172.This low-dropout design allows input 
voltage to vary from 3V to 60V with virtually no change in 
device performance. A 100kHzoscillator is the basic clock 
for all internal timing. It turns "on" the output switch via 
the logic and driver circuitry. Special adaptive antisat cir- 
cuitry detects onset of saturation in the power switch and 
adjusts driver current instantaneously 
to limit switch 
saturation. This minimizes driver dissipation and provides 
very rapid turn-off of the switch. 


A 1.2Vbandgap reference biases the positive input of the er· 
ror amplifier. The negative input is brought out for output 
voltage sensing. 


Theerror signal developed at the comparator input is brought 
out externally. This pin lYe) has four different functions. It is 
used for frequency compensation, current limit adjustment, 
soft starting, and total regulator shutdown. During normal 
regulator operation this pin sits at a voltage between 0.9V 
(low output current) and 2.0V(high output current). The error 
amplifiers are current output (gm)types, so this voltage can 
be externally clamped for adjusting current limit. Likewise, a 
capacitor coupled external clamp will provide soft start. 
Switch duty cycle goesto zeroif the Vc pin is pulled to ground 
through a diode, placing the LT1172in an idle mode. Pulling 
the Vc pin below 0.15Vcauses total regulator shutdown, with 
only 50~ supply current for shutdown circuitry biasing. See 
AN-19for full application details. 


Extra Pins on the MiniDIP Package 


The miniDIP LT1172has the emitters of the power transis- 
tor brought out separately from the ground pin. This elim· 
inates errors due to ground pin voltage drops and allows 
the user to reduce switch current limit 2:1 by leaving the 
second emitter (E2) disconnected. The first emitter (E1) 
should always be connected to the ground pin. Note that 
switch "on" resistance doubles when E2 is left open, so 
efficiency will suffer somewhat when switch currents ex· 
ceed 100mA. Also, note that chip dissipation will actually 
increase with E2open during normal load operation, even 
though dissipation 
in current limit mode will decrease. 


See "Thermal Considerations." 


Thermal Considerations When Using the MiniDIP Pacoage 


The low supply current and high switch efficiency of the 
LT1172allow it to be used without a heat sink in most ap· 
plications when the TO·220 or TO·3 package is selected. 
These packages are rated at 50°C/W and 35°C/W respec- 
tively. The miniDIPs, however, are rated at 100°C/W in ce- 
ramic (J) and 130o/W in plastic (N). 


Care should be taken for mini DIP applications to ensure 
that the worst case input voltage and load current condi· 
tions do not cause excessive die temperatures. The follow· 
ing formulas can be used as a rough guide to calculate 
LT1172power dissipation. 
For more details, the reader 
is referred to Application 
Note 19 (AN·19), "Efficiency 
Calculations" section. 


Average supply current (including driver current) is: 


IIN",,6mA+ Isw(0.004+ DC/40) 


Isw= switch current 
DC= switch duty cycle 


Switch power dissipation is given by: 


Psw= (IsW)2• Rsw • DC 


Rsw= LT1172switch "on" resistance (10 maximum) 


Total power dissipation is the sum of supply current times 
input voltage plus switch power: 


PTOT= (IIN)(VIN)+ Psw 


In a typical example, using a boost convertor to generate 
+ 12V@0.12A from a +5V input, duty cycle is approxi· 
mately 60%, and switch current is about 0.65A, yielding: 


IIN= 6mA + 0.65(0.004+ DC/40)= 18mA 


Psw= (0.65)2• 1n • (0.6)= 0.25W 


PTOT= (5V)(0.018A)+ 0.25= 0.34W 


Temperature rise in a plastic miniDIP would be 130°C/W 
times 0.34W, or approximately 44°C. The maximum ambi- 
ent temperature would be limited to 100°C (commercial 
temperature limit) minus 44°C, or 56°C. 


In most applications, full load current is used to calculate 
die temperature. However, if overload conditions 
must 
also be accounted for, four approaches are possible. First, 
if loss of regulated output is acceptable under overload 
conditions, the internal thermal limit of the LT1172will pro- 
tect the die in most applications 
by shutting off switch 
current. Thermal limit is not a tested parameter, however, 


and should be considered only for non-critical applica- 
tions with temporary overloads. A second approach is to 
use the larger TO-220(T)or TO-3 (I<)package which, even 
without a heat sink, may limit die temperatures to safe lev- 
els under overload conditions. In critical situations, heat 
sinking of these packages is required; especially if over- 
load conditions must be tolerated for extended periods of 
time. 


The third approach for lower current applications is to 
leave the second switch emitter (miniDIP only) open. This 
increases switch "on" 
resistance by 2:1, but reduces 
switch current limit by 2:1 also, resulting in a net 2:1 reduc- 
tion 
in 
12R switch 
dissipation 
under 
current 
limit 
conditions. 


The fourth approach is to clamp the Ve pin to a voltage 
less than its internal clamp level of 2V.The LT1172switch 
current limit is zero at approximately 1Von the Ve pin and 
2A at 2V on the Ve pin. Peak switch current can be ex- 
ternally clamped between these two levels with a diode. 
See AN-19for details. 


LT1172Synchronizing 


The LT1172can be externally synchronized in the fre- 
quency range of 120kHz to 160kHz.This is accomplished 
as shown in the accompanying figures. Synchronizing 
occurs when the Ve pin is pulled to ground with an 


external transistor. To avoid disturbing the DC charac- 
teristics of the internal error amplifier, the width of the 
synchronizing pulse should be under 0.3I1s.C2 sets the 
pulse width at •• 0.2I1s.The effect of a synchronizing pulse 
on the LT1172amplifier offset can be calculated from: 


!:.vos= _(_~T_)_(t_S)_(fs_)_(Ie_+_~_~) 


Ie 


KT=26mV@250C 
q 
ts = pulse width 
fs = pulse frequency 
Ie= LT1172Ve source current (=200~) 
Ve= LT1172operating Vevoltage (1V-2V) 
R3= resistor used to set mid-frequency "zero" in LT1172 
frequency compensation network. 


With ts = 0.2I1S,fs = 150kHz, Ve= 1.5V, and R3= 2KO, off- 
set voltage shift is =3.8mV. This is not particularly bother- 
some, but note that high offsets could result if R3 were 
reduced to a much lower value. Also, the synchronizing 
transistor must sink higher currents with low values of R3, 
so larger drives may have to be used. The transistor must 
be capable of pulling the Ve pin to within 200mV of ground 
to ensure synchronizing. 
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PACKAGE DESCRIPTion 


J Package 
a·Lead Ceramic DIP 


Dimensions in inches (millimeters) unless otherwise noted. 


N Package 
a·Lead Plastic DIP 


o· 


OO5t 


(0.127) 


MIN 
~ 
I 
(10.287) 
(~:i~I~D,M~6~ 
RADTYP 
r 


0.220-0.310 
(S.588-1.874) 


~ 


~ 


1 
2 
3 
4 
0.200 


0.055 
I 
(5080) 


I~::I 
~(4- 
0.015-0.060 
MAX 


~24) 


0'-15' 
II 


0.014-0026_11+- 
J L 
0.125 
(0.360-0.660) 
"'3.'175 


MIN 
0.038-0.068 
0.100±-0.010 
(0.965-1.727) .11- 
(2.540.0254) 


t 


o. 


400:l 
(1~:)0 


'65t 
0.250±-0.010 


~0.2541 


1 
2 
J 
4 


0.045-0.065 
0.130±0.005 


(1.143_1'~51) 
(3.302::1::0.127) 
0.065 
=tj.020 
(1.651)L- 
-, 
(0.5081 
TYP 
MIN 
~tJ 
0.125 
(0.229-0.381) 
(3.175) 


0.045.0.015 tJ JL 
MIN 
(1.143:1::0,381) 
o 100±0.010 
0.018:1::0.003 
(2.540:1::0.254) 
(0.457±-0.076) 
I 


0.325 
~~:~~; I 


8255 
+0.635) 
. 
-0.381 


T Package 
Head TO·220 
K Package 
Head TO·3Metal Can 


0.760-0.775 J 


0.320-0.350 
(19.30-19.69) 


(8.128-a.a90)=rr=~6 
(2046) 


M~ 


0.420-0.480 
0.038-0.043 
II 
(10.67-12.19) 
(0.965-1.092)-11+-- 
l 


0.390-0.410 r 
(9.906-10.41) 


0.100-0.120 
0.570-0.610 
0.147-0.151 
(2.540-3.048) 


114.48-15.491 
(3.73~~ 
D 


0.880-0.910 
(22.35-23.11)J'~r' 


!::IL 
0.030-0.040 
0.013-0025 
(O.762-1.016) 
(0.330-0.635) 


0.062-0.072 J 
(1.574-1.829) 


LT1172MK, LT1172HVMK 


LT1172CK, LTl172HVCK 


Based on continuous 
operation. 


·TjMA)( = 125'C for intermittent 
fault conditions. 


LT1172CT, LTl172HVCT 


Based on contInuous 
operation. 


*TjMAX::; 
125°C tor intermittent 
fault conditions. 


• Guaranteed 
±2% Reference Tolerance 
• Guaranteed 
±6% Oscillator Tolerance 
• Guaranteed 
1OmV/1000 
Hrs Long Term Stability 
• 
Interchangeable 
with all SG1524 or LM1524 
Devices 
• Operates Above 100kHz 


• Switching 
Power Supplies 
• 
Motor Speed Control 
• Off-Line Power Converters 


LT1524/LT3524 
SG1524/SG3524 


Regulating Pulse Width 
Modulator 


The LT1524 PWM switching 
regulator control circuit con- 
tains all the essential circuitry 
to implement single-ended 
or push-pull 
switching 
regulators. 
Included on the circuit 
are oscillator, voltage reference, a pulse width modulator, 
error amplifier, 
overload protection 
circuitry 
and output 
drivers. 


Although 
pin-for-pin 
and 
functionally 
compatible 
with 
industry 
standard 
1524 
and 
3524 
devices, 
Linear 
Technology has incorporated several improvements 
in the 
design of the LT1524. A subsurface zener reference has 
been used to provide excellent stability with time and the 
reference is trimmed at the wafer level to provide an initial 
accuracy of 2%. Additionally, the oscillator is trimmed to 
provide a maximum tolerance of 6%. 


Linear Technology 
Corporation's 
advanced 
processing, 
design and passivation techniques 
make the LT1524 and 
LT3524 a superior and more reliable choice over previous 
devices. 
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LT1524/LT3524 
SG1524/SG3524 


Input Voltage 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . 40V 
Reference Output Current 
50mA 
Output Current (Each Output) 
. . . . . . . . . . . . .. 
100mA 
Oscillator Charging Current (Pin 6 or 7) 
5mA 
Internal Power Dissipation (Note 1) 
1W 
Operating Temperature 
Range 
LT1524/SG1524 
-55°Cto 
+125°C 
LT3524/SG3524 
O°Cto 
+70°C 
Storage Temperature Range 
-65°Cto 
+150°C 
Lead Temperature (Soldering, 
10sec.) 
300°C 


ORDER PART 
NUMBER 


LT1524J 
LT3524J 
LT3524N 
SG1524J 
SG3524J 
SG3524N 


J PACKAGE 
16 PINHERMETIC 


NPACKAGE 


16 PINPLASTIC 


PARAMETER 
CONDITIONS 
LT1524 
SG1524 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Reference Section: 


Output Voltage 
• 
4.9 
5.0 
5.1 
4.8 
5.0 
5.2 
V 


Line Regulation 
VIN= 8V to 40V 
• 
2 
10 
10 
20 
mV 


Load Regulation 
IL= OmAto 20mA 
• 
10 
20 
20 
50 
mV 


Ripple Rejection 
f = 120Hz 
80 
66 
dB 


Short Circuit Current Limit 
VREF=O 
100 
100 
mA 


Temperature Stability 
• 
0.3 
1 
0.3 
1 
% 


Long Term Stability 
2 
10 
20 
mV/khr 


Oscillator Section: 


Maximum Frequency 
~ = O.ool~F, RT= 2kO 
• 
300 
300 
kHz 


Initial Accuracy 
RTand CTConstant 
3 
6 
5 
% 


Voltage Stability 
VIN= 8V to 40V 
1 
1 
% 


Temperature Stability 
Note3 
• 
2 
2 
% 


Output Amplitude 
Pin 3 
3.5 
3.5 
V 


Output Pulse Width 
CT= O.Ol~F,TA = 25°C 
0.5 
0.5 
~s 


Error Amplifier Section: 


Input Offset Voltage 
VCM=2.5V 
• 
0.5 
5 
0.5 
5 
mV 


Input Bias Current 
VcM=2.5V 
• 
0.5 
2 
2 
10 
~A 


Open Loop Voltage Gain 
• 
72 
80 
72 
80 
dB 


Common·Mode Voltage 
• 
1.8 
3.4 
1.8 
3.4 
V 


Common·Mode Rejection Ratio 
70 
86 
70 
dB 


Small Signal Bandwidth 
Av=OdB 
3 
3 
MHz 


Output Voltage 
0.5 
3.8 
0.5 
3.8 
V 


LT1524/LT3524 
8G1524/8G3524 


PARAMETER 
CONDITIONS 
LT1524 
SG1524 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Comparator Section: 


Minimum Duty Cycle 
• 
0 
0 
% 


Maximum Duty Cycle 
• 
45 
49 
45 
49 
% 


Input Threshold 
Zero Duty Cycle 
• 
1 
1 
V 


Input Threshold 
Max Duty Cycle 
• 
3.5 
3.5 
V 


Input Bias Current 
• 
0.2 
2 
1 
~A 


Current Limiting Section: 


Sense Voltage 
Pin 9= 2V with Error Amplifier 
190 
200 
210 
190 
200 
210 
mV 
Set for Max Out 


Sense Voltage T.C. 
• 
0.2 
0.2 
mV/oC 


Common-Mode Voltage 
• 
-0.7 
1 
-0.7 
1 
V 


Output Section: (Each Output) 


Collector-Emitter Voltage 
• 
40 
40 
V 


Collector Leakage Current 
VcE=40V 
• 
0.1 
50 
0.1 
50 
~A 


Saturation Voltage 
Ic=50mA 
• 
1 
2 
1 
2 
V 


Emitter Output Voltage 
V1N= 20V 
• 
17 
18 
17 
18 
V 


Rise Time 
Rc=2kO 
0.2 
0.2 
~s 


Fall Time 
Rc=2kO 
0.1 
0.1 
~s 


Total Standby Current: 
V1N = 40V (Note 4) 
• 
8 
10 
8 
10 
mA 


PARAMETER 
CONDITIONS 
LT3524 
SG3524 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Reference Section: 


Output Voltage 
• 
4.9 
5.0 
5.1 
4.6 
5.0 
5.4 
V 


Line Regulation 
V1N = 8V to 40V 
• 
3 
10 
10 
30 
mV 


Load Regulation 
IL = OmAto 20mA 
• 
10 
20 
20 
50 
mV 


Ripple Rejection 
f = 120Hz 
80 
66 
dB 


Short Circuit Current Limit 
VREF=0 
100 
100 
mA 


Temperature Stability 
• 
0.3 
1 
0.3 
1 
% 


Long Term Stability 
2 
10 
20 
mV/khr 


Oscillator Section: 


Maximum Frequency 
Cr = 0.001~F.Rr = 2kO 
• 
300 
300 
kHz 


Initial Accuracy 
Rr and Cr Constant 
3 
6 
5 
% 


Voltage Stability 
V1N = 8V to 40V 
1 
1 
% 


Temperature Stability 
Note3 
• 
2 
2 
% 


Output Amplitude 
Pin 3 
3.5 
3.5 
V 


Output Pulse Width 
Cr = 0.01~F,TA = 25°C 
0.5 
0.5 
~s 


Error Amplifier Section: 


Input Offset Voltage 
VCM=2.5V 
• 
1 
5 
2 
10 
mV 


Input Bias Current 
VcM=2.5V 
• 
0.5 
2 
2 
10 
~A 


Open Loop Voltage Gain 
• 
72 
80 
60 
80 
dB 


Common-Mode Voltage 
1.8 
3.4 
1.8 
3.4 
V 


Common-Mode Rejection Ratio 
70 
86 
70 
dB 


Small Signal Bandwidth 
Av=OdB 
3 
3 
MHz 


Output Voltage 
0.5 
3.8 
0.5 
3.8 
V 


• 


LT1524/LT3524 
SG1524/SG3524 


ELECTRICAL CHARACTERISTICS 


PARAMETER 
CONDITIONS 
LT3524 
SG3524 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Comparator section: 


Minimum Duty Cycle 
• 
0 
0 
% 


Maximum Duty Cycle 
• 
45 
49 
45 
49 
% 


InputThreshold 
Zero Duty Cycle 
• 
1 
1 
V 


Input Threshold 
Max Duty Cycle 
• 
3.5 
3.5 
V 


Input Bias Current 
• 
1 
2 
1 
~A 


Current limiting 
section: 


Sense Voltage 
Pin 9= 2V with Error Amplifier 
190 
200 
210 
180 
200 
220 
mV 
Set for Max Out 


Sense Voltage T.C. 
• 
0.2 
0.2 
mV/oC 


Common-Mode Voltage 
• 
-1 
1 
-1 
1 
V 


Output section: (Each Output) 


Collector-Emitter Voltage 
• 
40 
40 
V 


Collector Leakage Current 
VcE=40V 
• 
0.1 
50 
0.1 
50 
~ 


Saturation Voltage 
Ic-50mA 
• 
1 
2 
1 
2 
V 


Emitter Output Voltage 
V1N= 20V 
• 
17 
18 
17 
18 
V 


RiseTime 
Rc- 2kO 
0.2 
0.2 
~s 


Fall Time 
Rc= 2kO 
0.1 
0.1 
~s 


Total Standby Current: 
VIN- 40V (Note 4) 
• 
8 
10 
8 
10 
mA 


The. 
denotes specifications that apply over the full operating 
temperature range. 


The shaded electrical specifications indicate those parameters which 
have been improved or guaranteed test limits provided for the first time. 


Notel: 
For operating at elevated temperatures, the device in the J 
package must be derated at 100°C/W 
to a maximum junction 
temperature of 150°C, while the device in the N package is derated at 
150°C/W 
to a maximum junction temperature of 115°C. 


Note 2: These specifications apply for VIN=20V, f =20kHz. TA =25°C 
unless otherwise noted. 


Note 3: Although many manufacturers specify a maximum specification 
of 2%, Linear Technology's experience is that this specification is not 
being presently met by other manufacturers. 
Linear Technology's basic 
design, although improved, is essentially identical to other manufac- 
turers' devices. Linear Technology is, however, unwilling to place a 
maximum specification on its data sheet which cannot be met or 
guaranteed. 


Note 4: Standby current does not include the oscillator charging current, 
error and current limit dividers, and the outputs are open circuit. 
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APPLICATions InFoRmATion 


FUNCTIONAL DESCRIPTION AND PIN FUNCTIONS 


Vohage Regulator 


The internal 5V regulator (input pin 15, output pin 16) 
supplies a regulated 5V to all internal circuitry, as well as 
up to 50mA for external circuitry. For operation below 8V 
input, pins 15 and 16 may be tied together and 5V to 6V 
externally applied. 


Oscillator 


The internal 
oscillator 
circuitry 
sets the frequency 
of 
operation for the switching regulator. The oscillator wave- 
form is a ramp from about 1V to 3.5V (pin 7). Frequency 
is set by a timing 
resistor from pin 6 to ground and a 
capacitor from pin 7to ground. The oscillator period is ap- 
proximately 
RC for the recommended 
range of 1.8k to 
100k for Rand 0.0011-'F to 0.11-'Ffor C. 


The fall time of the ramp sets the blanking or dead time 
where both outputs are off in push-pull regulators. This is 
controlled by the value of the capacitor alone. 


Output Transistors 


The two output transistors have both the emitters (pins 11 
and 14) and the collectors available (pins 12 and 13). Inter- 
nal current limiting for both of these transistors is about 
100mA. The two transistors are driven 1800 out of phase by 
the flip-flop. For single-ended operation they should be con- 
nected in parallel. 


Error Amplifier 


The differential 
input (pins 1 and 2) single-ended 
output 
(pin 9) transconductance 
amplifier provides about 80dS 
of gain, as well as providing a point for loop frequency 
compensation 
or electronic shutdown. 


DC gain of the loop can be controlled by resistive loading, 
while AC compensation 
is usually accomplished 
with a 
series R-C connected from pin 9 to ground. The output 
impedance at pin 9 is about 5MO and current is about 
200~, 
so external op-amps or voltage sources can easily 
drive the comparator input. Normally, the 5V reference is 
divided down to generate a voltage within the common- 
mode range of the error amplifier. 


Synchronous Operation 


When an external clock is desired, a clock pulse of ap- 
prOXimately 3V can be applied directly to the oscillator 
output, 
pin 3. The impedance to ground at this point is 
approximately 
2kO. In this configuration, 
RT CT must be 
selected for a clock period slightly greater than that of the 
external clock. 


If two or more LT1524 regulators are to be operated syn- 
chronously, all oscillator output terminals should be tied 
together. 
The oscillator 
programmed 
for the minimum 
clock period will be the master from which all the other 
LT1524s operate. In this application, the CT RTvalues of 
the slaved regulators 
must be set for a period approx- 
imately 10% longer than that of the master regulator. 
In 
addition, 
CT (master) =2 
CT (slave) to ensure that the 
master output 
pulse, which 
occurs first, 
has a wider 
pulse 
width 
and 
will 
subsequently 
reset 
the 
slave 
regulators. 


Shutdown 


A logic high at pin 10 will shut down the regulator and 
cause both output transistors 
to turn off. 


Current Limit 


Current limiting 
is activated when the voltage between 
pins 4 and 5 exceeds 200mV. The output of the current 
limit amplifier internally sums with the error amplifier to 
shorten the output pulse width. The gain of the current 
limit circuitry is relatively low, so current control in limit is 
typically 
about 
5%. 
Two areas of caution 
should 
be 
observed with current limiting. First, the response time of 
the current limit is set by the loop roll-off on pin 9. Fast 
current 
limiting 
requires external circuitry. 
Second, the 
common-mode range of the current limit amplifier is lim- 
ited. Even fast spikes 
outside this range can disrupt 
operation. 
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SG1524/SG3524 


TJ MAX 
8JA 
8JC 


LT1524J 
150°C 
100°C/W 
30°C/W 
SG1524J 


LT3524J 
150°C 
100°C/W 
30°C/W 
SG3524J 


J Package 
16 Lead Ceramic DIP 


N Package 
16 Lead Plastic DIP 
t 
0_250:l:0.00~ 
(6.350:1:0.127) 


j 


• ±5% Typ. Oscillator Tolerance 
• 20mV/1000Hrs Typ. Long TermStability 
• Interchangeable with all SG3524or LM3524Devices 
• Operates Above 100kHz 


• Switching PowerSupplies 
• Motor Speed Control 
• Off·Line PowerConverters 


SG3524S 


Regulating Pulse Width 
Modulator 


The SG3524PWM switching regulator control circuit con· 
tains all the essential circuitry to implement single·ended 
or push-pull switching regulators. Included on the circuit 
are oscillator, voltage reference, a pulse width modulator, 
error amplifier, overload protection circuitry and output 
drivers. 


Although pin·for·pin and functionally compatible with in- 
dustry standard 3524 devices, Linear Technology has in· 
corporated several improvements in the design of the 
3524.A subsurface zener reference has been used to pro· 
vide excellent stability with time and the reference is 
trimmed at the wafer level. 


Linear Technology Corporation's advanced processing, 
design and passivation techniques make the SG3524 a 
superior and more reliable choice over previous devices. III 
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Input Voltage 
40V 
Reference Output Current 
50mA 
Output Current (Each Output) 
100mA 
Oscillator Charging Current (Pin 6 or 7) 
5mA 
Internal Power Dissipation (Note 1) 
1W 
Operating Temperature Range 
OOCto lO°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


ORDER PART 
NUMBER 


SG3524S 


PARTMARKING 


SG3524S 


SG3524 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Reference section: 


Output Voltage 
• 
4.6 
5.0 
5.4 
V 


Line Regulation 
V1N = 8V to 40V 
• 
10 
30 
mV 


Load Regulation 
IL = OmAto 20mA 
• 
20 
50 
mV 


Ripple Rejection 
f= 120Hz 
66 
dB 


Short Circuit Current Limit 
VREF=O 
100 
mA 


Temperature Stability 
• 
0.3 
1 
% 


Long Term Stability 
20 
mVl"lkhr 


Oscillator section: 


Maximum Frequency 
CT = 0.001~F, RT= 2kO 
• 
300 
kHz 


Initial Accuracy 
RTand Cr Constant 
5 
% 


Voltage Stability 
V1N = 8V to 40V 
1 
% 


Temperature Stability 
Note3 
• 
2 
% 


Output Amplitude 
Pin 3 
3.5 
V 


Output Pulse Width 
Cr = O.Q1~F.TA = 25°C 
0.5 
~s 
Error Amplifier seclion: 


Input Offset Voltage 
VcM=2.5V 
• 
2 
10 
mV 


Input Bias Current 
VCM=2.5V 
• 
2 
10 
~ 
Open Loop Voltage Gain 
• 
60 
80 
dB 


Common-Mode Voltage 
1.8 
3.4 
V 


Common-Mode Rejection Ratio 
70 
dB 


Small Signal Bandwidth 
Av=OdB 
3 
MHz 


Output Voltage 
0.5 
3.8 
V 


Comparator Section: 


Duty Cycle 
% Each Output On 
• 
0 
45 
% 


Input Threshold 
Zero Duty Cycle 
• 
1 
V 
Input Threshold 
Max Duty Cycle 
• 
3.5 
V 


Input Bias Current 
• 
1 
~ 


SG3524 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Current Limiting Section: 


Sense Voltage 
Pin 9 = 2V with Error Amplifier 
180 
200 
220 
mV 
Set for Max Out 


Sense Voltage T.C. 
• 
0.2 
mV/oC 


Common·Mode Voltage 
• 
-1 
1 
V 


Output Section: (Each Output) 


Collector-Emitter 
Voltage 
• 
40 
V 


Collector Leakage Current 
VcE=40V 
• 
0.1 
50 
"A 


Saturation Voltage 
Ic=50mA 
• 
1 
2 
V 


Emitter Output Voltage 
V1N=20V 
• 
17 
18 
V 


Riselime 
Rc= 2kll 
0.2 
~s 
Fall lime 
Rc= 2kll 
0.1 
~s 
Total Standby Current: 
V1N = 40V (Note 4) 
• 
8 
10 
mA 


The. 
denotes specifications 
that apply over the full operating tempera· 
ture range. 


Note 1: For operating at elevated temperatures, the device in the SO pack· 
age must be derated at 100°CIW to a maximum junction temperature of 
115°C. 


Note 2: These specifications 
apply for V1N = 20V, f = 20kHz. TA = 25°C un· 


less otherwise noted. 


Note 3: Although many manufacturers specify a maximum specification 
of 
2%, Linear Technology's experience is that this specification 
is not being 
presently met by other manufacturers. Linear Technology's basic design, 
although improved, is essentially identical to other manufacturer's 
devices. 


Linear Technology is, however, unwilling to place a maximum specification 
on its data sheet which cannot be met or guaranteed. 


Note 4: Standby current does not include the oscillator charging current, 
error and current limit dividers, and the outputs are open circuit. 


FERTURES 


• Undervoltage 
Lockout with Hysteresis 
• Guaranteed 
1% 5.1V Reference 
• Guaranteed 
10mV /1000 
Hr Long Term Stability 


• Latching PWM 
.8V 
to 35V Operation 
.100Hz 
to 400kHz Oscillator 
• 400mA Source and Sirk Current 


APPLICATIOns 


• Switching 
Power S\Jpplies 
• Motor Speed Contol 
• Power Converters 


LT/SG1525A, 
LT/SG3525A 
LT/SG1527 A, LT/SG3527 
A 


Regulating Pulse Width 
Modulators 


DESCRIPTion 


The LT1525A and LT1527A are improved general pur- 
pose switching 
regulator control circuits. 
Included on the 
chip are a trimmed 
1% voltage subsurface 
zener refer- 
ence, oscillator, 
comparator 
and high current 
class B 
totem pole output drivers. 
Included in the design of the 
LT1525A are easy synchronization 
to an external clock, 
soft-start 
and adjustable deadtime control. A shutdown 
pin allows instantaneous 
shutdown. 


The LT1525A and LT1527A 
differ only in their output 
logic phasing. The LT1525A has a low output during the 
"off" 
state, while the LT1527A has a high output during 
the "off" 
state. Both devices have undervoltage 
lockout 
with about 0.5V hysteresis, giving reliable operation even 
with slowly varying supplies. 


The combination 
of improved 
features 
and advanced 
processing for high reliability make Linear Technology'S 
switching 
regulators a supreme choice. 
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SWITCHING 
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LT/SG1525A, 
LT/SG3525A 
LT/SG1527 A, LT/SG3527 
A 


ABSOLUTE mAXimum 
RATinGS 


(Note 1) 


SupplyVoltage(+VIN) 
+40V 
Logiclnputs 
-0.3Vto 
+5.5V 
Analog Inputs 
-0.3Vto 
+VIN 
Output Current, Source or Sink 
500mA 
Reference Output Current 
.... 
. . . . . . . . . . . .. 
50mA 
Oscillator Charging Current 
. . . . . . . . . . . . . . . .. 
5mA 
Power Dissipation atTA = + 25°C (Note 2) ... 
1000mW 


Thermal Resistance: Junction to Ambient. 
.. 
100°C/W 
Power Dissipation atTc = + 25°C (Note 3) ... 
2000mW 


Thermal Resistance: Junction to Case ... 
. .. 
60°C/W 
Operating Temperature 
Range 
1525A, 1527A 
-55°Ct0150°C 
3525A, 3527A 
0°Ct070°C 
Storage Temperature Range. 
. . . . .. 
- 65°C to 150°C 
Lead Temperature (Soldering, 
10sec.) 
..... 
+300°C 


9 
COMPENSA!ION 


J PACKAGE 
N PACKAGE 
16 PIN HERMETIC 
16 PIN PLASTIC 


ORDER PART 
NUMBER 


LT1525AJ 
LT1527AJ 
LT3525AJ 
LT3527AJ 
LT3525AN 
LT3527AN 


SG1525AJ 
SG1527AJ 
SG3525AJ 
SG3527AJ 
SG3525AN 
SG3527AN 


REcommEnDED 
OPERATinG COnDITiOnS 


(Note 4) 


Input Voltage ( +VIN) 
+8Vto 
+35V 


Collector Supply Voltage (Vc) 
+ 4. 5V to + 35V 
Sink/ Source Load Current 


(Steady State) 
OmAt0100mA 


Sink/Source 
Load Current(Peak) 
OmAt0400mA 


Reference Load Current 
. . . . . . . . . . . .. 
OmA to 20mA 
Oscillator Frequency Range. . . . . . .. 
100Hz to 400kHz 
Oscillator Timing Resistor. 
. . . . . . . . . .. 
2kO to 150kO 
Oscillator Timing Capacitor 
0.001ILFtoO.1ILF 
Deadtime Resistor Range . . . . . . . . . . . . .. 
00 to 5000 


LT1525A 
LT1527A 


MIN 
TYP 
MAX 


SG1525A 
SG1527A 


MIN 
TYP 
MAX 


Output Voltage 
Tj = 25°C 
5.05 
5.10 
5.15 
5.05 
5.10 
5.15 
V 


Line Regulation 
VIN = 8V to 35V 
• 
5 
10 
10 
20 
mV 


Load Regulation 
IL = OmAto 20mA 
• 
20 
50 
20 
50 
mV 


Temperature Stability 
• 
20 
50 
20 
50 
mV 


Total Output Variation 
Line. Load. and Temperature 
• 
50 
5.1 
5.2 
5.0 
5.1 
5.2 
V 


Short Circuit Current 
VREF = 0, T,= 25°C 
80 
100 
80 
100 
mA 


Output Noise Voltage 
10Hz:s f:s 10kHz, Tj _ 25°C 
40 
200 
40 
200 
/,Vrms 


Long Term Stability 
Tj=125°C 
1 
10 
20 
50 
mV/-JKh[ 


LT/SG1525A, 
LT/SG3525A 
LT/SG1527 A, LT/SG3527 
A 


lT1525A 
lT1527A 


MIN 
TYP 
MAX 


SG1525A 
SG1527A 


MIN 
TYP 
MAX 


Initial Accuracy 
Ti = 25°C (Note 6) 
2 
6 
2 
6 
% 


Voltage Stability 
V1N= 8V to 35V 
• 
0.5 
1 
03 
1 
% 


Temperature Stability 
• 
3 
6 
3 
6 
% 


Minimum Frequency 
RT=150kO, 
CT=O.lI'F 
• 
100 
100 
Hz 


Maximum Frequency 
RT=2kfl, 
CT= lnF 
• 
400 
400 
kHz 


Current Mirror 
IRT= 2mA 
• 
1.7 
2.0 
2.2 
1.7 
2.0 
2.2 
mA 


Clock Amplitude 
• 
3.0 
3.5 
3.0 
3.5 
V 


Clock Width 
Tj = 25°C 
0.3 
0.5 
1 
0.3 
05 
1 
I'S 
Sync Threshold 
• 
1.2 
2.0 
2.8 
1.2 
2.0 
2.8 
V 


Sync Input Current' 
Sync Voltage = 3. 5V 
• 
1.0 
2.5 
1.0 
2.5 
mA 


Input Offset Voltage 
• 
0.5 
5 
0.5 
5 
mV 


Input Bias Current 
• 
0.2 
3 
1 
10 
I'A 
Input Olfset Current 
• 
0.5 
1 
~ 
DCOpen loop Gain 
RL~ 10Mfl 
• 
70 
80 
60 
75 
dB 


Gain Bandwidth Product 
Av = OdB, Ti = 25°C (Note 5) 
1 
2 
1 
2 
MHz 


Output low level 
• 
02 
0.5 
0.2 
0.5 
V 


Output High level 
• 
38 
5.6 
3.8 
5.6 
V 


Common Mode Rejection 
VCM= 1.5V to 5.2V 
• 
75 
90 
60 
75 
dB 


Supply Voltage Rejection 
V1N= 8V to 35V 
• 
75 
90 
50 
60 
dB• 
Minimum Duty Cycle 
• 
0 
0 
% 


Maximum Duty Cycle 
• 
45 
49 
45 
49 
% 
Input Threshold 
Zero Duty Cycle (Note 6) 
• 
06 
09 
0.6 
0.9 
V 
Input Threshold 
Max Duty Cycle (Note 6) 
• 
33 
36 
3.3 
3.6 
V 


Input Bias Current 
• 
005 
1.0 
0.05 
1.0 
I'A 


Soft-Start Current 
VSHUTDOWN 
=OV 
• 
25 
50 
80 
25 
50 
80 
I'A 
Soft-Start Voltage 
VSHUTDOWN 
= 2V 
• 
0.4 
06 
0.4 
0.6 
V 
Shutdown Input Current 
VSHUTOOWN 
= 2.5V 
• 
0.4 
1.0 
0.4 
1.0 
mA 


Undervoltage lockout Hysteresis 
0.2 
0.6 
1 
0.2 
06 
1 
V 
Output low Level 
ISINK=20mA 
• 
0.2 
0.4 
02 
0.4 
V 


ISINK= 100mA 
• 
1.0 
2.0 
1.0 
2.0 
V 
Output High level 
ISOURCE 
- 20mA 
• 
18 
19 
18 
19 
V 


ISOURCE 
= 100mA 
• 
17 
18 
17 
18 
V 
Undervoltage Lockout 
VCOMPand Vss - High 
• 
6 
7 
8 
6 
7 
8 
V 
Collector Leakage 
Vc = 35V (Note 7) 
• 
200 
200 
~ 
Rise Time 
CL=lnF, 
Ti=25°C 
(Note 5) 
100 
600 
100 
600 
ns 
Fall Time 
CL=lnF, 
Ti=25°C 
(Note 5) 
50 
300 
50 
300 
ns 
Shutdown Delay 
Vso-3V, 
Cs-O, 
TJ=25°C 
(Note 5) 
0.2 
0.5 
0.2 
05 
I'S 
TOTAL STANDBY CURRENT 


Supply Current 
I 
V1N=35V 
[!] 
1_4__ 
2_o_~ 
14__ 
2_0_1~ 


LT/SG1525AI 
LT/SG3525A 
LT/SG1527 AI LT/SG3527 
A 


LT3525A 
LT3527A 
MIN 
TYP 
MAX 


SG3525A 
SG3527A 
MIN 
TYP 
MAX 


Output Voltage 
Tj=25°C 
5.05 
5.10 
5.15 
5.00 
5.10 
5.20 
V 


Line Regulation 
V1N= 8V to 35V 
• 
5 
10 
10 
20 
mV 


Load Regulation 
IL=OmA to 20mA 
• 
20 
50 
20 
50 
mV 


Temperature Stability 
• 
20 
50 
20 
50 
mV 


Total Output Variation 
Line, Load, and Temperature 
• 
4.95 
5.1 
5.25 
4.95 
5.25 
V 


Short Circuit Current 
VREF=O, Tj=25°C 
80 
100 
80 
100 
mA 


Output Noise Voltage 
10Hz,.;!,.; 
10kHz, Tj=25°C 
40 
100 
40 
200 
I'Vrms 
Long Term Stability 
Tj-125°C 
1 
10 
20 
50 
mV/khr 


Initial Accuracy 
Tj = 25°C (Note 6) 
2 
6 
2 
6 
% 


Voltage Stability 
V1N= 8V to 35V 
• 
0.5 
2 
1 
2 
% 


Temperature Stability 
• 
3 
6 
3 
6 
% 


Minimum Frequency 
RT=150kO, 
CT=0.1I'F 
• 
100 
100 
Hz 
Maximum Frequency 
RT= 2kO, CT= 1nF 
• 
400 
400 
kHz 


Current Mirror 
IRT=2mA 
• 
1.7 
2.0 
2.2 
1.7 
2.0 
2.2 
mA 


Clock Amplitude 
• 
3.0 
3.5 
3.0 
3.5 
V 


Clock Width 
Ti=25°C 
0.3 
0.5 
1.0 
0.3 
0.5 
1.0 
1'5 
Sync Threshold 
• 
1.2 
2.0 
2.8 
1.2 
2.0 
2.8 
V 
Sync Input Current 
Sync Voltage=3.5V 
• 
1.0 
2.5 
1.0 
2.5 
mA 


Input Offset Voltage 
• 
2 
5 
2 
10 
mV 
Input Bias Current 
• 
1 
3 
1 
10 
~ 
Input Offset Current 
• 
0.5 
1 
~ 
DC Open Loop Gain 
RL~ 10MO 
• 
70 
80 
60 
75 
dB 
Gain Bandwidth Product 
Av = OdB, Tj = 25°C (Note 5) 
1 
2 
1 
2 
MHz 


Output Low Level 
• 
0.2 
0.5 
0.2 
0.5 
V 
Output High Level 
• 
3.8 
5.6 
3.8 
5.6 
V 
Common Mode Rejection 
VCM = 1.5V to 5.2V 
• 
75 
90 
60 
75 
dB 
Supply Voltage Rejection 
V1N= 8V to 35V 
• 
75 
90 
50 
60 
dB 


Minimum Duty Cycle 
• 
0 
0 
% 
Maximum Duty Cycle 
• 
45 
49 
45 
49 
% 
Input Threshold 
Zero Duty Cycle (Note 6) 
• 
0.6 
0.9 
0.6 
0.9 
V 
Input Threshold 
Max Duty Cycle (Note 6) 
• 
3.3 
3.6 
3.3 
3.6 
V 
Input Bias Current 
• 
0.05 
1.0 
0.05 
1.0 
~ 


Soft-Start Current 
VSHUTooWN= OV 
• 
25 
50 
80 
25 
50 
80 
~ 
Soft·Start Voltage 
VSHUTooWN= 2V 
• 
0.4 
0.6 
0.4 
0.6 
V 
Shutdown Input Current 
VSHUTooWN- 2.5V 
• 
0.4 
1.0 
0.4 
1.0 
mA 


LT/SG1525A, 
LT/SG3525A 
LT/SG1527 A, LT/SG3527 
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LT3525A 
LT3527A 
MIN 
TYP 
MAX 


SG3525A 
I 


SG3527A 
UNITS 
MIN 
TYP 
MAX 


Undervoltage Lockout Hysteresis 
0.2 
0.6 
0.2 
0.6 
V 


Output Low Level 
IS1NK=20mA 
• 
0.2 
0.4 
0.2 
0.4 
V 


IS1NK= 100mA 
• 
1.0 
2.0 
1.0 
2.0 
V 


Output High Level 
ISOURCE 
= 20mA 
• 
18 
19 
18 
19 
V 


ISOURCE 
= 100mA 
• 
17 
18 
17 
18 
V 


Undervoltage Lockout 
VCOMPand Vss = High 
• 
6 
7 
8 
6 
7 
8 
V 


Collector Leakage 
Vc=35V 
(Note 7) 
• 
200 
200 
p.A 


Rise Time 
CL= 1nF, Tj= 25°C (Note 5) 
100 
600 
100 
600 
ns 


Fall Time 
CL= 1nF, Ti= 25°C (Note 5) 
50 
300 
50 
300 
ns 


Shutdown Delay 
Vso=3V, 
Cs=O, Tj=25°C 
(Note 5) 
0.2 
0.5 
0.2 
0.5 
pS 


TOTAL STANDBY CURRENT 


Supply Current 


The. 
denotes the specifications which apply of the full operating 
temperature range. 


Note 1: Values beyond which damage may occur. 


Note 2: Derate at 10mW/oC for ambient temperatures above +50°C. 


Note 3: Derate at 16mW/oC for case temperatures above +25°C. 


Note 4: Range over which the device is functional and parameter limits 
are guaranteed. 


Note 5: These parameters, although guaranteed over the recommended 
operating conditions, are not 100% tested in production. 


Note 6: Tested at fosc=40kHz 
(RT=3.6kO, 
CT=0.01I'F, 
Ro=OO). 


Note 7: Applies to 1525A/3525A 
only, due to polarity of output pulses.• 


Oscillator Charge Time vs RT 
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f. FREQUENCY 
(Hz) 


o 
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50100200 
500 lk 
OISCHARGE 
TIME(I'S) 


LT/SG1525A, 
LT/SG3525A 
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1525A 
Output Saturation 
Characteristics 


I TURN-ON- 
/ 


TLRN-hFF 
/ 


T 
,r 


OUTPUT LOAOED TO V + / 
/ 
/ 


V 
/ 
/ 
OUTPUT 
/ 


S~ITCHIING - r--- 


o 
0.01 
0.02 
0.05 
0.10 
0.2 
0.5 
OUTPUT CURRENT, SOURCE OR SINK (A) 


1525A/1527A 


Cl =lkpF, 


=5kpF, 
=10kpF 


V 
=2.5V/DIV 


H =100ns/DlV 


1525A11527A 


Cl = lkpF, 


=5kpF, 
=10kpF 


V 
=2.5V/DIV 


H =lOOns/DlV 


OUTPUT CURRENT 
100nA/DIV 
lOOns/DIV 


OUTPUT CURRENT 
lOOnA/OIV 
lOOns/DIV 


2. Shutdown can also be accomplished 
by pulling down 
on the soft-start 
pin (8). When using this approach, 


shutdown 
will not affect the amplifier 
compensation 
network: 
however, if a soft-start capacitor is used, it 
must 
be discharged, 
possibly 
slowing 
shutdown 
response. 


1. An external open collector comparator 
or transistor 
can be used to pull down the compensation 
pin (9). 
This will set the PWM latch and turn off both outputs. 
Pulse-by-pulse 
protection can be accomplished if the 


shutdown signal is momentary, since the PWM latch 
will be reset with each clock pulse. 


LT/SG1525A, 
LT/SG3525A 
LT/SG1527 A, LT/SG3527 
A 


3. Applying a positive-going 
signal to the shutdown pin 
(10) will provide the most rapid shutdown of the out- 
puts if a soft-start 
capacitor is not used at pin 8. An 
external soft-start 
capacitor at pin 8 will slow shut- 
down response due to the discharge time of the soft- 
start capacitor. 
Discharge current 
is approximately 
twice the charging current. 


4. 
The shutdown terminal can be used to set the PWM 
latch on a pulse-by-pulse 
basis if there is no external 
capacitance on pin 8. Soft-start 
characteristics 
may 
still be achieved by applying 
an external capacitor, 
blocking diode and charging 
resistor to the compen- 
sation pin (9). 
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B 14 
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FDR SINGLE ENDED SUPPLIES, 
THE DRIVER 
OUTPUTS ARE GROUNDED. THE +Vc 
TERMINAL 
IS SWITCHED 
TO GROUND BY THE TOTEM- 
POLE SOURCE TRANSISTORS 
ON EVERY 
OSCILLATOR 
CYCLE. 


THE LOW SOURCE IMPEDANCE 
OF THE 


OUTPUT DRIVERS PROVIDES RAPID CHARGING 
OF POWER FET INPUT CAPACITANCE, 
WHILE 
MINIMIZING 
EXTERNAL 
COMPONENTS. 


R1 
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III 


IN CONVENTIONAL 
PUSH-PULL 
BIPOLAR 


DESIGNS, 
FORWARD BASE DRIVE IS 
CONTROLLED 
BY R1-R3. 
RAPID TURN-OFF 
TIMES 
FOR THE POWER DEVICES ARE 
ACHIEVED 
WITH SPEED-UP CAPACITORS 
C1 
AND C2. 


13 


+VC 
A 


LOW POWER TRANSFORMERS 
CAN BE DRIVEN 
DIRECTLY 
BY THE 1525A. 
AUTOMATIC 
RESET 


OCCURS DURING DEADTlME, 
WHEN BOTH 


ENDS OF THE PRIMARY 
WINDING 
ARE 


SWITCHED 
TO GROUND. 


LT/SG1525A, 
LT/SG3525A 
LT/SG1527 A, LT/SG3527 
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TjmaJ< 
8jA 
8jC 


IT /SG1525AJ 
150·C 
100·C/W 
60·C/W 


IT/SG1527AJ 


LT/SG3525AJ 
150'C 
l00'C/W 
6O·C/W 


IT /SG3527AJ 


FEATURES 


• 8Vto 35V Operation 
• Guaranteed ± 1% 5V Reference 
• Guaranteed 1OmV/1000 Hrs. Long Term Stability 
• Guaranteed ±3% Oscillator Temperature Stability 
• Undervoltage Lockout 
• 100mASource/Sink Outputs 


APPLICATions 


• Switching Power Supplies 
• Motor Speed Control 
• Power Converters 


LT1526/LT3526 


Regulating 
Pulse Width 
Modulator 


DESCRIPTion 


The LT1526 is an improved general purpose switching 
regulator control ciruit. Included on the chip are a 1% volt· 
age reference, oscillator, 
error amplifier, 
pulse width 
modulator and low impedance output drivers. Also in· 
eluded are protective features such as a current limit com· 
parator, undervoltage lockout, soft·start 
circuitry, 
and 
adjustable deadtime. This versatile device can be used to 
implement single-ended or push·pull switching regulators 
of either polarity, both transformerless and transformer· 
coupled. 


Although pin·for·pin and functionally compatible with in· 
dustry standard 1526and 3526devices, Linear Technology 
has incorporated several improvements in the design of 
the LT1526.A subsurface zener has been used to provide 
excellent reference voltage stability and the reference of· 
fers improved line regulation and load regulation. The cur· 
rent limit comparator sense voltage initial accuracy and III 
temperature stability have been greatly improved. 


The combination of improved features and advanced lin- 
ear processing for high reliability make Linear Technol- 
ogy's switching regulators a superior choice. 


mrr5 


CSOFTSTAAT 4 


COMPENSATION 
3 


.••.. 
~ 


ABSOLUTEmAXimum 
RATinGS 


(Note 1) 


Input Voltage (+VIN) 
+40V 
Collector Supply Voltage (+ Vc) 
+ 40V 
Logic Inputs 
- 0.3V to + 5.5V 
Analog Inputs 
- 0.3V to +VIN 
Source/Sink Load Current (each output) 
200mA 
Reference Load Current 
50mA 
Logic Sink Current 
15mA 
Operating Junction Temperature Range 
LT1526 
- 55°C to + 150°C 
LT3526 
O°Cto + 125°C 
Storage Temperature Range 
- 65°C to + 150°C 
Lead Temperature (Soldering, 10sec) 
+300°C 


ORDER PART 
NUMBER 


COMPENSATION 
3 


CSOFTSTART 
4 


RESET5 


- CURRENTSENSE6 


+ CURRENTSENSE7 


SHUTDOWN8 


LT1526J 
LT3526J 
LT3526N 


Input Voltage 
+8V to +35V 
Collector Supply Voltage 
+ 4.5V to + 35V 
Sink/Source Load Current (each output) 
OmAto 100mA 
Reference Load Current 
- 5mA to 20mA 


Oscillator Frequency Range 
1Hz to 400kHz 
Oscillator Timing Resistor 
2kOto 150kO 
Oscillator Timing Capacitor 
1nF to 20p.F 
Available Deadtime Range at 40kHz 
3% to 50% 


PARAMETER 


REFERENCE SECTION (Note 3) 


LT1526 
LT3526 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output Voltage 
Tj= +25°C 
4.95 
5.00 
5.05 
4.90 
5.00 
5.10 
V 


Line Regulation 
+ VIN= 8V to 35V 
• 
2 
10 
2 
15 
mV 


Load Regulation 
IL= -5mAto 
+20mA 
• 
5 
10 
5 
20 
mV 


Temperature Stability 
• 
15 
50 
15 
50 
mV 


Total Output 
Over Recommended 
• 
4.90 
5.00 
5.10 
4.85 
5.00 
5.15 
V 
Voltage Range 
Operating Conditions 


Short Circuit Current 
VREF=OV 
• 
25 
50 
100 
25 
50 
100 
mA 


Long Term Stability 
Tj= 125°C 
2 
10 
2 
10 
mV/v'khr 


UNDERVOLTAGELOCKOUT 


RESET Output Voltage 
VREF= 3.8V 


RESET Output Voltage 
VREF= 4.8V 


OSCILLATOR SECTION (Note 4) 
• 
• 
2.4 


Initial Accuracy 
Tj- 
+25°C 
+3 
+8 
+3 
+8 
% 


Voltage Stability 
+VIN-8Vt035V 
• 
0.5 
1 
0.5 
1 
% 


Temperature Stability 
• 
1 
3 
1 
3 
% 


(+ V1N = 15V,and over operating junction temperature, unless otherwise specified.) 


LT1526 


TYP 


LT3526 
TYP 


Minimum Frequency 
Rr = 15OkO,Cr = 20pF 
• 
1 
1 
Hz 


Maximum Frequency 
Rr = 2kO,Cr = 1.0nF 
• 
400 
400 
kHz 


Sawtooth Peak Voltage 
+ VIN=35V 
• 
3.0 
3.5 
3.0 
3.5 
V 


Sawtooth Valley Voltage 
+ VIN=8V 
• 
0.5 
1.0 
0.5 
1.0 
V 


Input Offset Voltage 
Rss2kO 
• 
2 
5 
2 
10 
mV 


Input Bias Current 
• 
-350 
-1000 
-350 
-2000 
nA 


Input Offset Current 
• 
35 
100 
35 
200 
nA 


DC Open Loop Gain 
RL2:10MO 
• 
64 
72 
60 
72 
dB 


High Output Voltage 
Vpinl- Vpin22:15OmV,lsource=loopA 
• 
3.6 
4.2 
3.6 
4.2 
V 


Low Output Voltage 
Vpin2- Vpinl2:15OmV, 1,lnk= loopA 
• 
0.2 
0.4 
0.2 
0.4 
V 


Common-Mode Rejection 
Rss2kO 
• 
70 
94 
70 
94 
dB 


Supply Voltage Rejection 
+ VIN= 12V to 18V 
• 
66 
60 
66 
60 
dB 


PWM COMPARATOR (Nole 4) 


Minimum Duty Cycle 
Vcompeosation 
= + 0.4V 


Maximum Duty Cycle 
Vcompensation 
= + 3.6V 


DIGITAL PORTS(SYNC, SHUTDOWN, and RESET) 
• 


• 
45 


HIGH Output Voltage 
lsource= 40pA 
• 
2.4 
4.0 
2.4 
4.0 
V 


LOW Output Voltage 
I'ink= 3.6mA 
• 
0.2 
0.4 
0.2 
0.4 
V 


HIGH Input Current 
VIH= +2.4V 
• 
-125 
-200 
-125 
-200 
pA 


LOW Input Current 
VIL= +O.4V 
• 
-225 
-360 
-225 
-360 
pA 


CURRENT LIMIT COMPARATOR (Nole 6) 


Sense Voltage 
Rss500 
90 
100 
110 
80 
100 
120 
mV 


Input Bias Current 
-3 
-10 
-3 
-10 
pA 


SOFT·START SECTION 


Error Clamp Voltage 
RESET= + O.4V 
0.1 
0.4 
O.t' 
0.4 
V 


Cs Charging Current 
RESET = + 2.4V 
50 
100 
150 
50 
100 
150 
pA 


OUTPUT DRIVERS (Each OUlpul) (Note 7) 


HIGH Output Voltage 
lsource=20mA 
• 
12.5 
13.5 
12.5 
13.5 
V 


lsource= lOOmA 
• 
12 
13 
12 
13 
V 


LOW Output Voltage 
l'ink=20mA 
• 
0.2 
0.3 
0.2 
0.3 
V 


I'ink= loomA 
• 
1.2 
2.0 
1.2 
2.0 
V 
Collector Leakage 
Vc=40V 
• 
50 
150 
50 
150 
pA 
Rise Time 
CL= looopF 
• 
0.3 
0.6 
0.3 
0.6 
pS 
Fall Time 
CL= 1000pF 
• 
0.1 
0.2 
0.1 
0.2 
pS 
POWER CONSUMPTION (Nole 8) 


Standby Current 
I SHUTDOWN = +0.4V 
I. I 


The. 
denotes specifications 
that apply over the full operating tempera- 


ture range. 


The shaded electrical specifications 
indicate those parameters which have 
been improved or guaranteed test limits provided for the first time. 


Notel: 
Values beyond which damage may occur. 


Note 2: Range over which the device is functional and parameter limits are 
guaranteed. 


18 
30 
18 
30 
mA 


Nole3: 
IL=OmA. 


Note 4: fosc=40kHz(Rr=4.12kO± 
1%, Cr=O.OlpF ± 1%, Ro= 00). 


Nole 5: VCM = OVto + 5.2V. 


Nole 6: VCM =Oto V1N- 3V. The current limit sense voltage forthe LTI526 is 
80mV sVSENSEs120mV for temperatures less than OOCor greater than 125°C. 


Nole 7: Vc= + 15V. 


Nole8: 
+V1N= +35V,Rr=4.12kO. 


Reference Voltage YS Supply 
Voltage 
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Oscillator Period YS RTand CT 
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Oscillator Frequency Temperature 
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Error Amplifier Open Loop Gain vs 
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NOTE 9: 
TRANSIENT CURRENTS OCCUR WITHIN THE 
OUTPUT STAGES DURING SWITCHING, 
INDEPENDENT OF LOADING. THE GRAPH 
SHOWS THE AVERAGE (DC) VALUE OF THE 
TRANSIENT CURRENTS. 
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APPLICATions InFoRmATion 


FUNCTIONAL DESCRIPTIONAND PIN FUNCTION 


Voltage Reference 


The reference regulator (pin 18)supplies a regulated 5.0V 
to all internal circuitry, as well as up to 20mA for external 
circuitry. It is fully active at supply voltages (pin 17)of 8V 
and greater. 


The LT1526can operate from a 5V supply by connecting 
+ VINto VREF(pin 18to pin 17)and maintaining the supply 
between 4.8Vand 5.2V. 


Undervoltage Lockout 


The undervoltage lockout circuitry 
protects both the 
switching regulator and the power devices it controls from 
inadequate supply voltage, which can result in unstable 
control circuitry. If +VIN is too low, the circuit turns off 
the output drivers, holds RESET(pin 5) low and the soft- 
start capacitor in a discharged state. 


The soft-start circuitry protects the power devices from 
high surge currents during power supply turn-on by limit- 
ing the available PWMduty cycle. 


When + VINreaches a sufficient voltage to allow RESETto 
go high, a 100jtA current source charges the external Cs 
capacitor (pin 4) linearly to 5V. The ERRORAMPLIFIER 
output is clamped to 600mVabove the Cs voltage, and the 
available duty cycle of the PWM increases linearly. Maxi- 
mum duty cycle is available when the Cs voltage reaches 
about 3V. 


Digital Control Ports 


The three digital control ports are bidirectional. Each port 
can drive TIL and 5V CMOS logic directly. They can also 
be driven by open·collector TIL, open-drain CMOS, and 
open-collector voltage comparators. 


Driving SYNC (pin 12)low causes a discharge cycle in the 
oscillator. Driving SHUTDOWN(pin 8) low causes the out- 
puts to turn off. Driving RESET(pin 5) low causes the out- 
puts to turn off and discharges the Cscapacitor. 


Oscillator 


The internal oscillator 
circuitry 
sets the frequency of 
operation for the switching regulator. Frequency is set by 
RT(pin 9), CT(pin 10), and Ro (pin 11).With Ro=OO, the 
values for RTand CT may be chosen from the oscillator 
period graph. If the desired deadtime is increased, the 
value of RTmay need to be decreased to maintain the de· 
sired frequency. 


The frequency at either output is half that of the oscillator, 
and the frequency at + Vc (pin 14) is equal to the 
oscillator. 


Synchronous Operation 


Two or more switching regulators may be synchronized by 
setting the master to the desired frequency and sharing 
the oscillator signals with the slave units. Slave CT pins 
are tied to the master CTpin, and slave SYNC pins are tied 
to the master SYNC pin. Slave RT and Ro pins are left 
open. 


External logic synchronization can be used by setting the 
oscillator period to be 10% longer than the external clock 
period, and connecting the external clock to the SYNC pin. 
A periodic low of about 0.5jts wide will lock the oscillator 
to the external frequency. 


Error Amplifier 


The differential input (pins 1 and 2), single-ended output 
(pin 3)transconductance amplifier provides about lOdS of 
gain. The output has an impedance of 2MO,and since all 
voltage gain occurs at the output, the gain characteristics 
can becontrolled with shunt reactance to ground. 


Output Drivers 


The totem·pole output drivers can source and sink 100mA 
continuously and 200mA peak. The outputs are driven 
1800 out of phase by the flip-flop. Loads can be driven ei· 
ther from the outputs or the +Vc pin. Since large transient 
currents occur within the output stages during switching, 
a resistor is recommended in series with + Vc (pin 14)to 
limit the peak current. The resistor value should be 
+ Vc/200mA. 


Current Limit 


The current limit comparator turns off the outputs when 
the input voltage (pin 7 to pin 6) exceeds 100mV. Hystere· 
sis is built into the trip point, of about 10mV, to prevent 
oscillations. 
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THE DRIVER 


OUTPUTS ARE GROUNDED. THE +Vc 
TER· 
MINAllS 
SWITCHED 
TO GROUND BY THE 


TOTEM POLE SOURCE TRANSISTORS 
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IN CONVENTIONAL 
BIPOLAR PUSH·PULL 
DESIGNS, 


FORWARD BASE DRIVE IS CONTROLLED BY R1·R3. 
RAPID TURN-OFF 
TIMES 
FOR THE POWER DEVICES 
ARE ACHIEVED WITH SPEED-UP CAPACITORS Cl 
AND C2. 
.". 
LOW POWER TRANSFORMERS 
CAN BE 
DRIVEN DIRECTLY BY THE lT1526. 
AUTOMATIC 
RESET OCCURS DURING DEAD- 
TIME, 
WHEN BOTH ENDS OF THE PRIMARY 


WINDING 
ARE SWITCHED 
TO GROUND. 
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J Package 
18 Lead Ceramic DIP 
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(0.457%0,076) 
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MIN 


N Package 
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O.OO9-0011j 
(0.229-0.279) 


0.325 ~~:~~~ 
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FEATURES 
• Automatic Feed·Forward Compensation 
• Programmable Pulse·by·Pulse Current Limiting 
• 
± 1% Bandgap Reference 
• Undervoltage Lockout 
• External Shutdown 
• Dual200mA Totem Pole Outputs 
• 
Double Pulse Suppression 
• Soft·Start Capability 
• Direct Replacement for UC1846,UC1847 


APPLICATions 


• Switching PowerSupplies 
• Motor Speed Control 
• Power Converters 


LT1846/1847, LT3846/3847 


Current Mode 
PWM Controller 
DESCRIPTion 
The LT1846family of control ICs contains all necessary 
circuitry to implement fixed frequency, fixed output volt· 
age, current mode control schemes. Current mode control 
loops are easy to design and compensate, and provide 
superior transient line regulation, inherent pulse·by·pulse 
current limiting, and automatic symmetry correction for 
push-pull converters. In addition, the LT1846has built·in 
undervoltage lockout with hysteresis to prevent oscilla- 
tions near the threshold, soft·start capability, and can be 
shut down instantaneously by an external logic level. In- 
ternallogic prevents double·pulsing and output overlap. 


The oscillator circuitry of the LT1846 allows the user to 
adjust output deadtime as well as frequency and also pro- 
vides a bidirectional sync pin to allow paralleling power 
modules. 


Both the internal error amplifier and current sense ampli- 
fiers operate over a wide common-mode range to allow de- 
sign flexibility. The dual outputs provide active pull up/pull III 
down, ideal for driving bipolar or FET switches. The in- 
ternal reference regulator provides excellent stability for 
changes in line, load, and temperature. The LT1846out· 
puts are low in the off state while the LT1847outputs are 
high in the off state. 


CURRENT 


LIMIT 
1 


ADJUST 


r----------, 
I 
13 
Vc 
I 
I 
I 


11 AOUT JlI 


LT1846 
I 


OUTPUT STAGE 
I 


( 
LT1847 
) 
I 


OUTPUTS INVERTEO 
I 


14 
BOUT nI 
I 
I 
12 
GNO 
I 
L 
~ 
.J 


LT1846/1847, LT3846/3847 


ABSOLUTEmAXimum 
RATinGS 


(Note 1) 
Supply Voltage (Pin 15) 
+ 40V 
Collector Supply Voltage (Pin 13) 
, , 
+40V 
Output Current, Source or Sink (Pins 11, 14) 
500mA 
Analog Inputs (Pins 3, 4, 5, 6,16) 
- 0.3V to + VIN 
Reference Output Current (Pin 2) 
- 30mA 
Sync Output Current (Pin 10) 
- 5mA 
Error Amplifier Output Current (Pin 7) 
- 5mA 
Soft Start Sink Current (Pin 1) 
50mA 
Oscillator Charging Current (Pin 9) 
5mA 
Operating Temperature Range 
LT1846/1847 
- 55°C to + 125°C 
LT3846/3847 
OOCto 70°C 
Power Dissipation at TA = 25°C (Note 2) 
1000mW 
Power Dissipation at Tc = 25°C (Note 3) 
2000mW 
Thermal Resistance, Junction to Ambient 
1000CIW 
Thermal Resistance, Junction to Case 
600CIW 
Storage Temperature Range 
- 65°C to + 150°C 
Lead Temperature (Soldering, 10sec) 
+ 300°C 


ORDER PART 
NUMBER 


LT1846J 
LT1847J 
LT3846J 
LT3847J 
LT3846N 
LT3847N 


CURRENT 
LIMIT I 
1 


SOFTSTART 


VREF 
2 


(- 
j CURRENT 
SENSE 
3 


( + ) CURRENT 
SENSE 
4 


(+)ERRORAMP 
5 


(-jERRORAMP 
6 


COMPENSATION 
7 
c, 
8 


lTl846/lTl847 


MIN 
TYP 
MAX 


lT3846/lT3847 


MIN 
TYP 
MAX 


Output Voltage 
Ti = 25°C, 10 = lmA 
5,05 
5,10 
5,15 
5,00 
5.10 
5.20 
V 


line Regulation 
V1N = 8Vt040V 
• 
5 
20 
5 
20 
mV 


load Regulation 
IL = lmA to 10mA 
• 
3 
15 
3 
15 
mV 


Temperature Stability 
Over Operating Range, (Note 5) 
• 
0.4 
0.4 
mV/oC 


Total Output Variation 
line, load, and Temperature (Note 5) 
• 
5.00 
5,20 
4.95 
5.25 
V 


Output Noise Voltage 
10Hz < f < 10kHz, T = 25°C (Note 5) 
100 
100 
~V 


long Term Stability 
T = 125°C, l000Hrs., (Note 5) 
5 
5 
mV 


Short Circuit Output Current 
VREF= OV 
• 
-10 
-45 
-10 
-45 
mA 


Initial Accuracy 
Ti = 25°C 
39 
43 
47 
39 
43 
47 
kHz 


Voltage Accuracy 
V1N = 8V to 40V 
• 
-1 
±2 
-1 
±2 
% 


Temperature Stability 
Over Operating Range (Note 5) 
• 
-1 
-1 
% 


Sync Output High level 
• 
3.9 
4.35 
3.9 
4.35 
V 


Sync Output low level 
• 
2.3 
2.5 
2,3 
2.5 
V 


Sync Input High level 
Pin 8 = OV 
• 
3.9 
3.0 
3.9 
3.0 
V 


Sync Input low level 
Pin8 = OV 
• 
3.0 
2.5 
3.0 
2.5 
V 


Sync Input Current 
Sync Voltage = 5.25V, Pin 8 = OV 
• 
0.7 
1.5 
0.7 
1.5 
mA 


Input Offset Voltage 
• 
0.5 
5 
0.5 
10 
mV 


Input Bias Current 
• 
-0.6 
-1 
-0.6 
-2 
~A 
Input Offset Current 
• 
40 
250 
40 
250 
nA 


Common·Mode Range 
V1N = 8V to 40V 
• 
0 
V1N-2V 
0 
V1N-2V 
V 


LT1846/LT1847 


MIN 
TYP 
MAX 


LT3846/LT3847 


MIN 
TYP 
MAX 


Open Loop Voltage Gain 
tNo = 1.2Vt03V 
• 
80 
105 
80 
105 
dB 


Unity Gain Bandwidth 
• 
0.7 
1.0 
0.7 
1.0 
MHz 


CMRR 
VCM= OVto 38V, V1N= 40V 
• 
75 
100 
75 
100 
dB 


PSRR 
V1N= 8V to 40V 
• 
80 
105 
80 
105 
dB 


Output Sink Current 
V1D= -15mV 
to - 5V, VPin7 = 1.2V 
• 
2 
6 
2 
6 
mA 


Output Source Current 
VID = 15mVto 5V, VPin7 = 2.5V 
• 
-0.4 
-0.5 
-0.4 
-0.5 
mA 


High Level Output Voltage 
RdPin 7) = 15kO 
• 
4.3 
4.6 
4.3 
4.6 
V 


Low Level Output Voltage 
RdPin 7) = 15kO 
• 
0.7 
1 
0.7 
1 
V 


Amplifier 
Gain 
VPin3 = OV,Pin 1 Open (Notes 6 & 7) 
• 
2.5 
2.8 
3 
2.5 
2.8 
3 
VIV 


Maximum 
Differential 
Pin 1 Open (Note 6) 
• 
1.1 
1.2 
1.1 
1.2 
V 
Input Signal (VPin4 - VPinJ! 
RdPin 7) = 15kO 


Input Offset Voltage 
VPin1 = 0.5V 
• 
5 
25 
5 
25 
mV 
Pin 7 Open (Note 6) 


CMRR 
VCM = 1V to 12V 
• 
60 
83 
60 
83 
dB 


PSRR 
V1N= 8V to 40V 
• 
60 
84 
60 
84 
dB 


Input Bias Current 
VPin1 = 0.5V, Pin 7 Open (Note 6) 
• 
-2.5 
-10 
-2.5 
-10 
~A 


Input Offset Current 
VPin1 = 0.5V, Pin 7 Open (Note 6) 
• 
0.08 
1 
0.08 
1 
~A 


Input Common·Mode 
Range 
• 
0 
V1N-3 
0 
V1N-3 
V 


Delay to Outputs 
Tj = 25°C, (Note 5) 
200 
500 
200 
500 
ns 


Current Limit Adjust Section 


Current Limit Offset 
VPin3 = OV 
0.45 
0.5 
0.55 
0.45 
0.5 
0.55 
V 
VPin4 = OV,Pin 7 Open (Note 6) 


Input Bias Current 
VPin5 = VREF,VPin6 = OV 
-10 
-30 
-10 
-30 
~A 
Shutdown 
Terminal Section 


Threshold 
Voltage 
• 
250 
350 
400 
250 
350 
400 
mV 


Input Voltage Range 
• 
0 
V1N 
0 
V1N 
V 


Minimum 
Latching 
Current 
(Note 8) 
• 
3.0 
1.5 
3.0 
1.5 
mA 
(lpin1) 


Maximum 
Non-Latching 
(Note 9) 
• 
1.5 
0.8 
1.5 
0.8 
mA 
(lpin1) 


Delay to Outputs 
(Note 5), Tj = 25°C 
300 
600 
300 
600 
ns 


Collector· Emitter Voltage 
• 
40 
40 
V 


Collector 
Leakage Current 
Vc = 40V (Note 10) 
• 
200 
200 
~A 
Output Low Level 
IS1NK= 20mA 
• 
0.1 
0.4 
0.1 
0.4 
V 


IS1NK= 100mA 
• 
0.4 
2.1 
0.4 
2.1 


Output High Level 
ISOURCE= 20mA 
• 
13 
13.5 
13 
13.5 
V 


ISOURCE= loomA 
• 
12 
13.5 
12 
13.5 


RiseTime 
(Note 5), CL = 1nF, Tj = 25°C 
50 
300 
50 
300 
ns 
Fall Time 
(Note 5), CL = 1nF, Tj = 25°C 
50 
300 
50 
300 
ns 


Undel'loltage 
Lockout Section 


Start-Up Threshold 
• 
7.7 
8.0 
7.7 
8.0 
V 
Threshold 
Hysteresis 
• 
0.75 
0.75 
V 


Total Standby Current 


Supply Current 
(Note 11) 
1·1 
17 
21 
17 
21 
mA 


..L7~ 
5-115 


Note 7: Amplifier gain defined as 


G = IlVPin7;IlVPin4 = OVt01.0V 


IlVPin4 


Note 8: Current into pin 1 guaranteed to latch circuit in shutdown state. 


Note 9. Current into pin 1 guaranteed not to latch circuit in shutdown 
state. 


Note 10: Applies to LT1846/3846 only due to polarity of outputs. 


Note 11: Standby currrent does not inciude oscillator 
charging current, er· 


ror and current limit dividers, and the outputs are open circuit. 


The. 
denotes the specifications 
that apply over the full operating tem· 


perature range. 


Note 1: Ali voltages are with respect to Ground, pin 12. Currents are posi· 
tive into, negative out of the specified terminal. 


Note 2: Derate at 10mW/oC for TA above 50°C. 


Note 3: Derate at 16mW/oC for Tc above 25°C. 


Note 4: Unless otherwise stated V1N= 15V,RT = 10k,Cr = 4.7nF. 


Note 5: These parameters, although guaranteed over the recommended 
operating conditions 
are not 100% tested in production. 


Note6: 
Parameter measured at trip point of latch with VPin5= VREF, 


VPin6 = OV. 
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Reference Voltage vs 
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Output Low Level Saturation 
Voltage vs Output Sink Current 
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Error Amp Open·Loop DCGain 
vs Load Resistance 
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Current Limit Offset vs 
Temperature 
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Error Amplifier Gain and Phase 
vs Frequency 
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Current Mode Control 


Current mode controllers directly control peak inductor 
current with the error signal rather than controlling the 
duty cycle of the PWM as conventional controllers do. 
There are several inherent advantages in this type of 
control. 


Current mode controllers are easier to frequency compen- 
sate. Peak inductor current is forced to follow the error 
signal and can change only if the error signal changes. 
This forces the inductor to act like a constant current 
source at mid frequencies and the order of the system can 
be reduced by one, eliminating 900 of phaseshift. 


Peak current on a pulse-by-pulse basis can be limited by 
simply limiting the positive swing of the error amplifier. 


Transient line regulation is greatly improved. A change in 
the line voltage causes a change in the slope of the induc- 
tor current. This means that the time it takes for the induc- 
tor current to reach the peak control value automatically 
changes, and requires very little change in the output of 
the error amp. Since transient response is limited by the 
integrator response of the error amplifier, excellent line 
transient response is obtained if the error amplifier output 
does not haveto change. 


With current mode control, some amount of slope com· 
pensation is required to prevent oscillations for duty cy- 
cles greater than 50%. Slope compensation can also be 
used to decrease noise sensitivity for low values of indue· 
tor current ripple, and to prevent subharmonic oscillations 
in the inductor current. 


A logic high at pin 16will initiate a shutdown cycle. During 
a shutdown cycle, both outputs are held off and pins 1and 
7 are pulled low. If pin 1 current (IPin1 = VREF/R1)is less 
than the latch threshold current, typically 1.5mA(see Elec- 
trical Characteristics), the device will restart at the end of 
the shutdown pulse. If pin 1 current is greater than the 
latch threshold current, the device will latch off until 
power is recycled. 


V REF 


C' 
Rl 


-P 
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CURRENT 
LIMIT 


R2 


':' 
16 
SHUTDOWN 
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Soft start is accomplished by the addition of a capacitor 
from pin 1 to ground. This forces the peak value of the 
switch current to come up slowly. Pin 16can be left float- 
ing if the shutdown function is not used. 


Undervoltage Lockout 


The purpose of the undervoltage lockout is to prevent the 
device from switching until the internal circuitry is operat- 
ing properly. Built·in hysteresis prevents the circuit from 
oscillating at the threshold point. Pin 1 (current limit ad- 
just) and pin 7 (comp) are held low during undervoltage 
lockout, and outputs are low (LT1846)or high (LT1847). 


Oscillator section 


The frequency of the oscillator is set by an external resis· 
tor (Rr)from pin 9 to ground, and an external capacitor (Cr) 
from pin 8 to ground. Cr is charged by a constant current 
IRT = VPin9 (::::3.6V)/Rr,and is discharged by a constant 
current 8mA - IRr Upper and lower trip 
levels are 
determined bY,the internal circuitry, such that the oscilla- 
tor frequency is approximated by the formula 


fr::::_2_.2_ 
Rr(O)Cr(F) 


In addition, output deadtime, which is equal to the capaci- 
tor discharge time, is a function of the size of Cr and can 
becalculated according to the formula: 


Td ::::220cr( 
8mA 
) 
8mA _ 3.6V 
Rr 


For large values of Rr (small IRr):Td :::: 220Cr. 


Note that these formulas are approximations based on a 
1.75Vswing at the Cr pin, and a discharge current of 8mA. 
Variations in the value of the discharge current will obvi- 
ously cause the deadtime to vary. For very short dead- 
times, fixed internal delays of approximately 100ns must 
also be added to the calculated value. Capacitor values 
less than 1000pFor deadtimes of less than 300ns are not 
recommended. This is due to the fact that at extreme cold 
temperatures the oscillator deadtime may become shorter 
than the time required to reset the current sense latch. 


Current Limit 


Peakswitch current on a pulse-by-pulse basis is a function 
of the voltage level set at pin 1 and the current sense re- 
sistor Rs,and can bedetermined by the formula: 


I = R2VREF_ 0.5V 
G= IfA GAIN= 2.75TYP 
s 
R1+ R2 


G-Rs 


Current Sensing 


The current sense amplifier is a differential amplifier with 
a gain of 3 and a common·mode range of 0 to VIN- 3V. 
Maximum differential input signal is 1.2V.Several sensing 
schemes are possible. Direct resistive sensing is the 
simplest, but power losses in the resistor may not be 
acceptable. The use of a current sense transformer will 
increase efficiency 
for higher current levels, but will 
increase circuit 
complexity. 
In config'urations 
where 
switch current is sensed, a small RC may be necessary 
to keep switch turn on transients from tripping the current 
sense latch. Without this filter, erratic operation will result 
especially at lower values of output current. Minimum on- 
time of the output switch during a short circuit is equal to 
the delay from the current sense amplifier to the output, 
typically 200ns. This delay will be longer if a filter for 
switch transients is added. For best noise immunity, the 
signal at the current sense amplifier inputs should be as 
large as possible. 


Resistive Sensing of Switch Current with RC Filter 


Error Amplifier 


The error amplifier of the LT1846can operate over a com- 
mon·mode range of 0 to VIN- 2V. The output stage con· 
sists of an NPN Darlington pull-down and a 0.5mA current 
source pull·up. See Typical Performance Characteristics 
for gain and phase characteristics. 


Reference Regulator 


The reference regulator provides a fixed 5.1V for internal 
circuitry as well as up to 20mA of output current for ex- 
ternal circuitry such as the current limit divider. A small 
bypass capacitor (O.1-1.0IlF)from the reference pin (pin 2) 
to the ground pin (pin 12)is recommended. This capacitor 
should be located as close as possible to the device. 


Slope Compensation 


Slope compensation can be accomplished by summing a 
triangle wave derived from the oscillator waveform, with 
the inductor current waveform at the current sense am- 
plifier input or the summing node of the error amplifier as 
shown below. Slope compensation should be greater than 


1f2 of the downslope of the inductor current waveform. 
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RESPONSE 
TIME 
Vas 
18 
DRIVE 
GAIN 
ISUPPlY 
ISUPPlY 


MAX 
MAX 
MAX 
CAFflBllITY 
MIN 
POSITIVE 
NEGATIVE 
PACKAGES 


PART NUMBER 
(n5) 
(mY) 
(nA) 
(mA) 
(V/mY) 
(mA) 
(mA) 
AVAilABLE 
IMPORTANT FEATURES 


lTl011AM 
250 
0.5 
25 
50 
200 
4.0 
2.5 
H,J8 
low Vas' low Ie, High Output Drive, 


lTl011M 
250 
1.5 
50 
50 
200 
4.0 
2.5 
H,J8 
12 Bit Acc. 


lTl016M 
12 
±2.5 
1סס oo 
10 
2 
35 
5 
H,J8 
Ultra High Speed, TIl 
Outputs, True 


Output latch, 
Stable in Active Region, 


Pin/Pin Replacement 
for AM686. 


lT1017M 
- 
1 
15 
30 
1000 
0.060 
- 
H,J8 
lTl017 
Has lowest 
Supply Current, 


lT1018M 
- 
1 
75 
35 
1000 
0.250 
- 
H,J8 
lTl018 
is Faster. Both are Dual 
Comparators 
with Same Pin-Out as193 


Types. 


lT111A 
250 
1.0 
100 
50 
200 
4.0 
2.5 
H,J8 
low Vas, High Gain 


lMl11 
- 
3.0 
100 
50 
40 
6.0 
5.0 
H,J8 
General Purpose 


lT119A 
80 (typ) 
1.0 
500 
25 
20 
11.5 
4.5 
H,J 
Dual, low Vas, Hi CMRR 


lM119 
80 (typ) 
4.0 
500 
25 
10 
11.5 
4.5 
H,J 
Dual, General Purpose 


lTC1040M 
lOOpS 
0.5 
3 
· 
t 
3OOnA' • 
lnA 
J 
CMOS Sampling Comparator 


lTC1041M 
lOOpS 
0.5 
0.3 
10 
- 
3 
- 
J8, N8 
CMOS Bang-Bang Controller 


lTC1042M 
lOOpS 
1.0 
3 
· 
t 
3OOnA' • 
lnA 
J8 
CMOS Window Comparator 


lT685M 
6.5 
±2.0 
1סס oo 
tt 
1.6typ 
22 
26 
H,J 
Ultra High Speed, ECl Outputs, Output 
latch, 
External Hysteresis 
Control 


RESPONSE 
TIME 
Vas 
18 
DRIVE 
GAIN 
ISUPPlY 
ISUPPlY 
MAX 
MAX 
MAX 
CAFflBllITY 
MIN 
POSITIVE 
NEGATIVE 
PACKAGES 
PART NUMBER 
(ns) 
(mY) 
(nA) 
(mA) 
(V/mY) 
(mA) 
(mA) 
AVAILABLE 
IMPORTANT FEATURES 


lT1011AC 
250 
0.5 
25 
50 
200 
4.0 
2.5 
H,J8, N8 
low Vas' low Ie, High Output Drive, 12 


lT1011C 
250 
0.5 
50 
50 
200 
4.0 
2.5 
H,J8, N8 
Bit Acc. 


lT1016C 
12 
±2.5 
1סס oo 
10 
2 
35 
5 
H,J8,S8 
Ultra High Speed, TIl 
Outputs, True 


Output latch, 
Stable in Active Region, 


Pin/Pin Replacement 
for AM686. 


lTl017C 
- 
1 
15 
30 
1000 
0.060 
- 
H,S 
lTl017 
Has lowest 
Supply Current, 


lTl018C 
- 
1 
75 
35 
1000 
0.250 
- 
H,S 
lT1018 is Faster. Both are Dual 
Comparators 
with Same Pin-Out as 193 


Types. 


lT3llA 
250 
1.0 
100 
50 
200 
4.0 
2.5 
H,J8 
low Vas, High Gain 


lM311 
- 
7.5 
250 
50 
40 
7.5 
5.0 
H,J8 
General Purpose 


lT319A 
80 (typ) 
1.0 
500 
25 
20 
12.5 
5.0 
H,J, N 
Dual, low Vas' Hi CMRR 


lM319 
80 (typ) 
8.0 
1000 
25 
8 
12.5 
5.0 
H,J,N 
Dual, General Purpose 


lTC1040C 
lOOpS 
0.5 
3 
· 
t 
300nA •• 
lnA 
J, N, S 
CMOS Sampling Comparator 


lTC1041C 
lOOpS 
0.5 
0.3 
10 
- 
3 
- 
J8, N8 
CMOS Bang-Bang Controller 


lTC1042C 
lOOpS 
1.0 
3 
· 
t 
300nA •• 
lnA 
J, N8 
CMOS Window Comparator 


lT685C 
6.5 
±2.0 
10000 
tt 
1.Gtyp 
22 
26 
H,J,N 
Ultra High Speed, ECl Outputs, Output 
latch, 
External Hysteresis 
Controi 


• 1 Std. TIl 
load . 


•• 
Supply Current Depends on Clock Rate. 
t Gain errors are included in Vas spec. 
tt Can drive terminated 
50lJ transmission 
lines. 


LT685 


HighSpeed Comparator 


The lT685 is an ultra· ast comparator with differential in· 
puts and comPlementary outputs fully compatible with 
ECl logic levels.The output current capability is adequate 
for driving transmissi n lines terminated in 500. The low 
input offset and hig 
resolution make this comparator 
ideally suited for a alog-to-digital 
signal 
processing 
applications. 


A latch function is pro ided to allow the comparator to be 
used in a sample-hold mode. When the latch enable input 
is ECl high, the comp rator functions normally. When the 
latch enable is drive 
low, the comparator outputs are 
locked in their existin 
logical states. If the latch function 
is not used,the latch enable must be connected to ground 
orEClhigh. 


The device is pin-com atible with the Am685. Hysteresis 
has been added to im~rove switching time with slow input 
signals as well as to minimize oscillation. A single resistor 
between the hysteresi 
pin and V- adds input hysteresis 
voltage as more curre t is drawn. If hysteresis is not reo 
quired, the pin can be I ft unconnected. 


• Ultra Fast (5.5nstyp) 
• Complementary ECl Output 
• 500 Line Driving Capability 
• low Offset Voltage 
• Output latch Capability 
• External Hysteresis Control 
• Pin Compatible with Am685 


• High SpeedA to DConverters 
• High SpeedSampling Circuits 
• Oscillators 


TYPICAL APPLICATiOn 


Comparator with Hysteresis 
Hysteresis 


100 


6V 


~NDl 
HYSTERESIS IS lERD 


:;;- 
IF PIN LEFT OPEN 


+~ND2 
S 
U> 
V'N- 
~ 
10 
a 
LT685 
> 
t;; 
-/ 
a 
~ 
r 


/' 
V- 
HYSTERESIS 


R 
Rl 
Rl 
\ 


LATCH 
ENABLE 
~ 
-= 
1 


-5.2V 
Vr 
100 
200 
500 
1k 
2k 
5k 
10k 


RESISTANCE (0) 


-L7~ 
6-5 


Positive Supply Voltage 
7V 
Negative Supply Voltage 
- 7V 
Input Voltage 
±4V 
Differential Input Voltage 
±6V 
Latch Pin Voltage 
2V to V- 
Hysteresis Pin Voltage 
OVtoV- 
Output Current. 
30mA 
Power Dissipation (Note 1) 
500mW 
Operating Temperature 
LT685C 
-30oC~TA~85°C 
LT685M 
- 55°C ~ TA~ 125°C 


ORDER PART 
NUMBER 


NON-INVERTING 


INPUT 


INVE~J~~~ 3 
7 
0 OUTPUT 


LATCH 4 
ENABLE 
5 
V- 


HPACKAGE 
TO-5METALCAN 


LT685CH 
LT685MH 


LT685CJ 
LT685CN 
LT685MJ 
V+ 
NON-INVERTING 
INPUT 
INVERTINGINPUT 
4 


NC 
5 
LATCH 
ENABLE 


NC 
7 


ELECTRICAL CHARACTERISTICS 
v + =6.0V, V - = -5.2V, VT= -2.0V, RL=500, R= 
(Xl overthe operating temperature ranges, unless otherwise specified. 


LT685C 
LT685M 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
TA= 25°C 
1.0 
±2.0 
1.0 
±2.0 
mV 
±2.5 
±3.0 
mV 


dVos/dT 
Input Ollset Voltage Drift 
(Note 2) 
±10 
±10 
~V/oC 


los 
Input Ollset Current 
TA= 25°C 
0.3 
± 1.0 
0.3 
±1.0 
~ 
± 1.3 
±1.6 
~ 
IB 
Input Bias Current 
TA= 25°C 
5 
10 
5 
10 
~ 
13 
16 
~ 
RIN 
Input Resistance 
TA= 25°C (Note 2) 
6.0 
6.0 
kO 


CIN 
Input Capacitance 
TA= 25°C (Note 2) 
3.0 
3.0 
pF 


VCM 
Input Voltage Range 
±3.3 
±3.3 
V 


CMRR 
Common-Mode 
Rejection 
80 
80 
dB 


SVRR 
Supply Voltage Rejection 
70 
70 
dB 


VOH 
Output High Voltage 
TA= 25°C 
-0.960 
-0.810 
-0.960 
-0.810 
V 
TA=TM1N 
-1.060 
-0.890 
-1.100 
-0.920 
V 
TA=TMAX 
-0.890 
-0.700 
-0.850 
-0.620 
V 


VOL 
Output Low Voltage 
TA=25°C 
-1.850 
-1.650 
-1.850 
-1.650 
V 
TA=TMIN 
-1.890 
-1.675 
-1.910 
-1.690 
V 
TA=TMAX 
-1.825 
-1.625 
-1.810 
-1.575 
V 


1+ 
Positive Supply Current 
22 
22 
mA 
1- 
Negative Supply Current 
26 
26 
mA 


POISS 
Power Dissipation 
300 
300 
mW 


PARAMETER 


Propagation Delay (Note 3) 
TA=25°C 
TA= TMAX 
TA= TM1N 
TA=25°C 
TA= TMAX 
TA= TM1N 


TMIN$TA$25°C 
TA= TMAX 


Minimum Hold Time (Note 2) 
TMIN$TA$T MAX 


Minimum Latch Enable 
TMIN$TA$25°C 
Pulse Width (Note 2) 
TA= TMAX 


Note 1: For the metal can package, derate at 6.8mW/oC for operation at 
ambient temperatures above + 100°C; for the hermetic dual-in-Iine 
package, derate at 9mW/oC for operation at ambient temperatures above 
+ 105°C. 


Note 2: Guaranteed by design, but not tested. 


Note 3: Sample tested at 25°C only. 


Definitions: 
tpD:The propagation delay measured from the time the input signal crosses 
the input offset voltage to the 50% point of the output transition. 


Latch Enable to 
Output Delay (Note 2) 


LT685C 
LT685M 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


4.5 
5.5 
6.5 
4.5 
5.5 
6.5 
ns 
5.0 
9.5 
5.5 
12 
ns 
4.0 
6.5 
3.5 
6.5 
ns 


4.5 
5.5 
6.5 
4.5 
5.5 
6.5 
ns 
5.0 
9.5 
5.5 
12 
ns 
4.0 
6.5 
3.5 
6.5 
ns 


3.0 
3.0 
ns 
4.0 
6.0 
ns 


1.0 
1.0 
ns 


3.0 
3.0 
ns 
4.0 
5.0 
ns 


IpDIE):The propagation dela 
measured from the 50% point of the latch en- 
able signal positive transitio 
to the 50% point of the output transition. 


Is: The minimum time before the negative transition of the latch enable 
signal that an input signal c ange must be present in order to be acquired 
and held at the outputs. 


tH:The minimum time after t e negative transition of the latch enable 
signal that the input signal 
ust remain unchanged in order to be acquired 
and held at the outputs. 


Ipw(E):The minimum time th t the latch enable signal must be HIGH in 
order to acquire and hold an nput signal change. 


Propagation Delays as a Function 
of Temperature 
Hysteresis as a Function of 
Temperature 
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TEMPERATURE lOG) 


H Package 
10 Lead TO·SMetal Can 


~ 


(::=::) 
•• 
0.305-0.335 
(7.747-8.50911 


0.040 
(1.016) 
0.050 
lolL 
ti:.:) 


~ 
t 


SEATING 
GAUGE 


PlAN,~ 
"'-"', 


0010-0045 
00 0 00 


(0.254-1.143) 
-JI-(~::=~:~l 


lY' 


0.165-0.185 


(4.191-4.699) 


1 
0.500-0.750 
(12.70-19.<Y.t) 
t 


J Package 
16 Lead Cerdip 
N Package 
16 Lead Molded DIP 


0840~ 
(21.336) 


"MAX" 
11 
10 
9 n 


0.220-0.310 


(5.588-7.&47) 


I' 
0770 
I 
(19.558) 
'~E[::::::I 


L j 


o.008-0.018 


(O.203-0.460)~ 


(3.1TS) 


0.385=*:0.025 
MIN 
(9.779:i:O.635) 


10/-,8 12-Bit A-D Converter 


3.9k 


R1 
+15V 


LM329 
1k 
TV 
FULL·SCALE 


TRIM 


R2' 
R3 
'= 
-15V 
6.49k 
6.981< 
0.001 
+15V 
INPUT 
20 
14 
15 
16 
17 
OV-10V 


601212·BIT 


13 
0/ A CONVERTER 


12 
11 
10 
9 
B 
7 
6 
5 
4 
3 
2 
1 


• 
Pin-Compatible with LM111 Series Devices 
• 
Guaranteed 
Max. 0.5mV Input Offset Voltage 
• 
Guaranteed 
Max. 25nA Input Bias Current 
• 
Guaranteed 
Max. 3nA Input Offset Current 
• 
Guaranteed 
Max. 250ns Response Time 
• 
Guaranteed 
Min. 200,000 Voltage Gain 
• 50mA Output Current Source or Sink 
• ± 30V Differential Input Voltage 
• 
Fully Specified for Single +5V Operation 


• SAR A to D Converters 
• Voltage to Frequency Converters 
• 
Precision R/C Oscillator 
• 
Peak Detector 
• 
Motor Speed Control 
• 
Pulse Generator 
• 
Relay/ Lamp Driver 


'R2 
AND R4 SHOULD 
TC TRACK 


START 
CLOCK 1~ 1.4MHz 


LT10ll/LT10llA 


Vol age Comparator 


DESCRIPTIO 


The LT1011 is a gene al purpose comparator with signifi- 
cantly 
better 
input 
haracteristics 
than 
the 
LM 111. 


Although pin-compat ble with the LM 111, it offers four 
times lower bias cur 
nt, six times lower offset voltage, 
and five times higher 
oltage gain. Offset voltage drift-a 
previously 
unspecifi 
d 
parameter-is 
guaranteed 
at 
15JLV/oC. Additional~, 
the supply current is lower by a 
factor of two with no I?SS in speed. The LT1011 is several 
times faster than the LM 111 when subjected to large 
overdrive 
conditions. 
It is also fully 
specified 
for DC 
parameters 
and response time when 
operating 
on a 
single +5V supply. 
These parametric 
improvements 
allow the LT1011 to b 
used in high accuracy ( ~ 12-bit) 
systems without trimfing. 
In a 12-bit A to D application, 


for instance, 
using 
2mA DAC, the offset error intro- 
duced by the LT1011 is less than 1/2 LSB. The LT1011 
retains all the versatil13features of the LM 111, including 
single 3V to ± 18V s~pply operation, and a floating tran- 
sistor output with 50mA source/sink 
capability. 
It can 
drive loads referenc d to ground, 
negative supply 
or 
positive supply, and i 
specified up to 50V between V- 
~ 
and the collector outp t. A differential input voltage up to 
~ 
the full supply voltag 
is allowed, even with ± 18V sup- 
plies, enabling the in uts to be clamped to the supplies 
with simple diode cia 
ps. 


450 


400 


¥35O 


~ 
300 


'"~ 
250 


~ 
200 


~150 


.L7~ 
6-9 


ABSOLUTE 
mAXimum 
RATinGS 


SupplyVoitage(pin8topin4) 
36V 
Output to Negative Supply (pin 7 to pin 4) 
LT1011AM', LT1011M 
50V 
LT1011AC, LT1011C 
40V 
Ground to Negative Supply 
(pin 1 to pin 4) 
30V 
Differential Input Voltage 
±36V 
Voltage at Strobe Pin (pin 6 to pin 8) 
5V 
Input Voltage (Note 1) 
Equal to Supplies 
Output Short Circuit Duration 
10 sec. 
Operating Temperature 
Range (Note 2) 
LT1011AM/LT1011M 
-55°Ct0125°C 
LT1011AC/LT1011C 
O°Ct070°C 
StorageTemperatureRange 
-65°Ct0150°C 
Lead Temperature (Soldering, 
10sec.) 
300°C 


TOP VIEW 


ORDER PART 
v+ 


NUMBER 


6 
BALANCE/ 
LT1011AMH 
STROBE 


LT1011MH 


4 
LT1011ACH 
v- 


LT1011CH 
H PACKAGE 


TO·5 
METAL 
CAN 


TQPVIEW 


LT1011AMJ8 


7 
OUTPUT 
LT1011MJ8 


6 
BALANCE/STROBE 
LT1011ACJ8 


5 
BALANCE 
LT1011CJ8 


NOTE: 
PIN 
4 CONNECTED 
TO CASE, 
LT1011ACN8 


JB PACKAGE 
B PIN CEROIP 
LT1011CN8 


N8 PACKAGE 
8 PIN PLASTIC 


ELECTRICAL CHARACTERISTICS 
Vs= ±15V, VCM=OV,Rs=O, TJ=25°C, VI= -15V, 
output at pin 7 unless otherwise 
noted. 


SYMBOL 
PARAMETER 
CONDITIONS 
LT1011AM/LTlO11AC 
LT1011MILTlO11C 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


vos 
Input Offset Voltage 
Note 3 
0.3 
0.5 
0.6 
1.5 
mV 
• 
1.0 
3.0 
mV 


Vos 
* Input Offset Voltage 
Rss50kO 
(Note 4) 
0,75 
2.0 
mV 
• 
1.5 
3.0 
mV 


los 
* Input Offset Current 
Note 4 
02 
3 
0.2 
4 
nA 
• 
5 
6 
nA 


Ib 
Input Bias Current 
Note 3 
15 
25 
20 
50 
nA 


Ib 
* Input Bias Current 
Note 4 
20 
35 
25 
65 
nA 
• 
50 
80 
nA 


t:,vos 
Input Offset Voltage Drift 
TMIN sT sT MAX 
• 
4 
15 
4 
25 
p.V/oC 
~ 
(Note 5) 


AVOL 
* Large Signal Voltage Gain 
RL= 1kO to + 15V. 
200 
500 
200 
500 
V/mV 


-10V 
sVOUTs 14.5V 
RL= 5000 to + 5V. 
50 
300 
50 
300 
V/mV 
0.5V sVouTs4.5V 


CMRR 
Common-Mode Rejection Ratio 
94 
115 
90 
115 
dB 


*Input 
Voltage Range 
Vs= ± 15V 
• 
-14.5 
13 
-14.5 
13 
V 


(Note 8) 
Vs=Single 
+5V 
• 
0.5 
30 
0.5 
3.0 
V 


Td 
* Response Time 
Note 6 
150 
250 
150 
250 
ns 


VOL 
* Output Saturation Voltage 
V,N=5 
mV. IS1NK=8mA 
• 
0.25 
0.4 
0.25 
0.4 
V 
V,=O, 
IS1NK=50 
mA 
• 
0,7 
1.5 
0,7 
1.5 
V 


.• Output Leakage Current 
V,N-5mV, 
V1- 
-15V 
0.2 
10 
0.2 
10 
nA 
VouT=35V (25V for LTl011C) • 
500 
500 
nA 


* Positive Supply Current 
3.2 
4.0 
3.2 
4.0 
mA 


* Negative Supply Current 
1.7 
2.5 
1.7 
2.5 
mA 
* Strobe Current 
Minimum to Ensure Output 
500 
500 
p.A 


Transistor is Off 
-- 


Input Capacitance 
6 
6 
pF 


Note 5: Drift is calculat~ 
by dividing the offset voltage difference 
measured at min and m 
temperatures by the temperature difference. 


Note 6: Response time i 
measured with a 100mV step and 5mV over- 
drive. The output load is II5000 resistor tied to +5V. Time measure- 
ment is taken when the dutput crosses 1.4V. 


Note 7: Do not short thelstrObe pin to ground. It should be current 
driven at 3mA to 5mA fa the shortest strobe time. Currents as low as 
500pA will strobe the LT 11A if speed is not important. External 
leakage on the strobe pi 
in excess of 0.2pA when the strobe is "off" 
can cause offset voltage fhifts. 


Note 8: 
See graph. Inpyt Offset Voltage vs Common-Mode Voltage. 


The. 
denotes the specifications which apply over the full operating 
temperature range. 


Note 1: Inputs may be clamped to supplies with diodes so that max- 
imum input voltage actually exceeds supply voltage by one diode drop. 
See Input Protection in applications section. 


Note 2: TJ max = 150°C for the LT1011AM/LT1011M 
and 95°C for 
the LT1011AC/LT1011C. 


Note 3: Output is sinking 1.5mA with VOUT=OV. 


Note 4: These specifications apply for all supply voltages from a single 
+5V to ± 15V. the entire input voltage range. and for both high and 
low output states. The high state is ISINK2:100pA. VOUT2:(V+ -1V) 
and the low state is ISINKs8mA. 
VouTsO.8V. 
Therefore. this 
specification defines a worst-case error band that includes effects due 
to common-mode signals, voltage gain, and output load. 
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Preventing 
Oscillation Problems 


Oscillation 
problems 
in comparators 
are nearly always 
caused by stray capacitance between the output and in- 
puts or between the output and other sensitive pins on the 
comparator. This is especially true with high gain-band- 
width comparators like the LT1011,which are designed for 
fast switching 
with millivolt input signal levels. The gain- 


bandwidth 
product of the LT1011 is over 10GHz. Oscilla- 


tion problems tend to occur at frequencies around 5M Hz, 
where the LT1011 has a gain of """2000. This implies that 
attenuation of output signals must be at least 2000:1 at 
5MHz as measured at the inputs. 
If the source imped- 
ance is 1kO, the effective 
stray capacitance 
between 
output and input must have a reactance of more than 
(2000) (1kO) = 2MO, or less than 0.02pF. The actual in- 
terlead capacitance between input and output pins on the 
LT1011 is less than 0.002pF when cut to printed circuit 
mount length. Additional stray capacitance due to printed 
circuit .traces must be minimized 
by routing the output 
trace directly away from input lines and, if possible, run- 
ning ground traces next to input traces to provide shield- 
ing. Additional 
steps to ensure oscillation-free 
operation 
are: 


1. Bypass 
the 
strobe/balance 
pins 
with 
a 0.01J.tF 
capacitor connected from pin 5 to pin 6. This elimi- 
nates stray capacitive feedback from the output to the 
balance pins, which 
are nearly as sensitive 
as the 
inputs. 


2. 
Bypass the negative 
supply 
(pin 4) with a 0.1J.tF 
ceramic capacitor close to the comparator. 0.1J.tF can 
also be used for the positive supply (pin 8) if the pull- 
up 10~d!s tie? to a separate supply. When the pull-up 
load IStied directly to pin 8, use a 2J.tFsolid tantalum 
bypass capacitor. 


3. 
Bypass any slow moving or DC input with a capacitor 
(~0.01J.tF) 
close to the comparator 
to reduce high 
frequency 
source impedance. 


4. 
Keep resistive source impedance as low as possible. 
If a resistor is added in series with one input to bal· 
a~ce source impedances 
for DC accuracy, bypass it 
with a capacitor. The low input bias current 
of the 


LT1011 usually eliminates any need for source resist- 
ance balancing. 
A 5kO imbalance, 
for instance, 
will 
create only 0.25mV DC offset. 


5. 
Use hysteresis. This consists of shifting the input off- 
set 
voltage 
of the 
comparator 
when 
the 
output 
changes state. Hysteresis 
forces the comparator 
to 
move quickly 
through 
its linear region, 
eliminating 
oscillations 
by "overdriving" 
the comparator 
under 
all input conditions. 
Hysteresis 
may be either AC or 
DC. AC techniques 
do not shift the apparent 
offset 
voltage of the comparator, but require a minimum in- 
put signal slew rate to be effective. 
DC hysteresis 
works for all input slew rates, but creates a shift in off- 
set voltage dependent on the previous condition of the 
input signal. The circuit shown below is an excellent 
compromise 
between AC and DC hysteresis. 


Comparator with Hysteresis 


+15V 


T0 
1 


This circuit 
is especially 
useful for general purpose 
c?mparat,or applications 
because it does not force any 
signals directly back onto the input signal source. In- 
stead, it takes advantage of the unique properties of 
the balance pins to provide extremely fast, clean out- 
put sWit~~ing even with low frequency 
input signals 
In the ,millivolt range. The 0.003J.tF capacitor from pin 
6 to pin 8 generates AC hysteresis 
because the volt- 
age on the balance pins shifts slightly, depending 
on 
the state of the output. 
Both pins move about 4mV. If 
one pin (6) is bypassed, AC hysteresis is created. It is 
only a few millivolts referred to the inputs, but is suffi- 
cient to switch 
the output 
at nearly the maximum 
speed of which the comparator is capable. To prevent 


problems from low values of input slew rate, a slight 
amount of DC hysteresis 
is also used. The sensitivity 
of the balance pins to current 
is about 0.5mV input 
referred offset for each microampere 
of balance pin 
current. 
The 15mn resistor tied from output to pin 5 
generates 0.5mV DC hysteresis. 
The combination 
of 
AC and DC hysteresis 
creates clean oscillation-free 
switching 
with 
very small 
input 
errors. 
The curve 
below plots input referred error versus switching 
fre- 


quency for the circuit as shown. 


Input Offset Voltage vs Time to 
Last Transition 


Note that at low frequencies, 
the error is simply the DC 
hysteresis, 
while at high frequencies, 
an additional 
error is created by the AC hysteresis. 
The high fre- 
quency 
error can be reduced 
by reducing 
CH, but 
lower values may not provide clean switching 
with 
very low slew rate input signals. 


Input Protection 


The inputs to the LT1011 are particularly 
suited to general 
purpose comparator applications 
because large differen- 
tial and / or common-mode 
voltages can be tolerated with- 
out damage to the comparator. 
Either or both inputs can 
be raised 40V above the negative supply, independent of 
the positive 
supply 
voltage. 
Internal 
forward 
biased 
diodes will conduct when the inputs are taken below the 


negative supply. In t is condition, 
input current must be 
limited to 1mA. If ve 
large (fault) input voltages must be 
accommodated, 
seri s resistors and clamp diodes should 
be used (see drawin 
below). 


INPUTS { 


I 
v- 


Ol- 
lN4148 


"MAY 
E ELIMINATED 
FOR 


IFAU s1mA 
-SELE 
T ACCORDING TO ALLOWABLE 
FAUL 
CURRENT AND POWER 
DISSI ATION 


The 
input 
resistors 
should 
limit 
fault 
current 
to 
a 
reasonable value (0.1mA to 20mA). 
Power dissipation 
in 
•• 
the resistors 
must b 
considered 
for continuous 
faults, 
~ 
especially 
when the 
T1011 supplies 
are off. And one 
final caution: 
lightly 
oaded supplies 
may be forced to 
higher voltages 
by la ge fault currents 
flowing 
through 


D1-D4. 


R3 and R4 limit input current to the LT1011 to less than 
1mA when the input signals are held below V-. 
They 
may be eliminated 
if 
1 and R2 are large enough to limit 
fault current to less t an 1mA. 


Input Slew Rate L1mnrtions 


The response time of ~ comparator 
is typically 
measured 
with a 100mV step and a 5mV-10mV 
overdrive. 
Unfor- 
tunately, 
this does n t simulate 
many real-world 
situa- 
tions where the step size is typically 
much larger and 
overdrive 
can be sigpificantly 
less. 
In the case of the 
LT1011, step size is ifTIPortant because the slew rate of 
internal nodes will limit response time for input step sizes 
larger than 1V. At 5Vj step size, for instance, 
response 
time increases from 150ns to 360ns. 
See the curve la- 
beled Response Time 
s Input Step Size for more detail. 


If response time is critical and large input signals are 
expected, 
clamp diodes across the inputs are recom- 
mended. The slew rate limitation can also affect perform- 
ance when 
differential 
input voltage 
is low, but both 
inputs must slew quickly. Maximum suggested common- 
mode slew rate is 10V/pS. 


Strobing 


The LT1011 can be strobed by pulling current out of the 
strobe pin. The output transistor 
is forced to an "off" 


state, giving a "hi" 
output at the collector (pin 7). Cur- 
rents as low as 250JJA will cause strobing, 
but at low 
strobe currents 
strobe delay will 
be 200ns-300ns. 
If 
strobe current is increased to 3mA, strobe delay drops to 
about 60ns. The voltage at the strobe pin is about 150mV 
below V+ at zero strobe current and about 2V below V+ 
for 3mA strobe current. 
Do not ground the strobe pin. It 
must be current 
driven. The drawing 
below shows a 
typical strobe circuit. 


Typical Strobe Circuit 


+15V 


Note that there is no bypass capacitor between pins 5 
and 6. This maximizes strobe speed, but leaves the com- 
parator more sensitive to oscillation 
problems for slow, 
low level inputs. A 1pF capacitor between the output and 
pin 5 will 
greatly 
reduce oscillation 
problems 
without 
reducing strobe speed. 


DC hysteresis 
can also be added by placing a resistor 
from output to pin 5. See step number 5 under" 
Prevent- 
ing Oscillation Problems". 


The pin (6) used for strobing is also one of the offset ad- 
just pins. Current flow into or out of pin 6 must be kept 
very low «0.2JJA) 
when not strobing to prevent input 
offset voltage shifts. 


Output Transistor 


The LT1011 output transistor is truly floating in the sense 
that no cu rrent flows into or out of either the collector or 
emitter when the transistor 
is in the "off" 
state. The 
equivalent circuit is shown in the drawing 
below. 


In the' 'off" 
state, 11 is switched off and both 01 and 02 
turn off. The collector of 02 can be now held at any volt- 
age above V- without conducting current, including volt- 
ages above the positive supply level. Maximum voltage 
above V- 
is 50V for the 
LT1011 and 40V 
for the 
LT1011 C. The emitter can be held at any voltage between 
V+ and V- 
as long as it is negative with respect to the 
collector. 


In the' 'on" state, 11 is connected, turning on 01 and 02. 
Diodes D1 and D2 prevent deep saturation of 02 to im- 
prove speed and also limit the drive current of 01. The 
R1IR2 divider sets the saturation voltage of 02 and pro- 
vides turn-off drive. Either the collector or emitter pin can 
be held at a voltage between V+ and V- . This allows the 
remaining pin to drive the load. In typical applications, 
the emitter is connected to V- 
or ground and the collector 
drives a load tied to V+ 
or a separate positive supply. 


When the emitter is used as the output, the collector is 
typically tied to V+ and the load is connected to ground or 
V-. 
Note that the emitter output is phase reversed with 
respect to the collector output so that the ., +" and 
" -" 
input designations must be reversed. When the 
collector is tied to V+, the voltage at the emitter in the 
"on" 
state is about 2V below V+ (see curves). 


Input Signal Range 


fhe common-mode input voltage range of the LT1011 is 
about 300mV above the negative supply and 1.5V below 


Driving Load Referenced 
to Positive Supply 


the positive supply, independent of the actual supply 
voltages (see curve in typical performance characteris- 
tics). This is the vol ge range over which the output will 
respond correctly 
hen the common-mode voltage is 
applied to oneinput and a higher or lower signal is applied 
to the remaining inp~t. If one input is inside the common- 
mode range and one s outside, the output will be correct. 
If the inputs are out ide the common-mode 
range in op- 
posite directions, 
the10utput will still be correct. If both in- 
puts are outside 
the common-mode 
range in the same 
direction, 
the output 
ill not respond to the differential in- 
put; it will remain un onditionally 
high (collector output). 
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FEATURES 


• Ultra Fast (1Ons typ) 
• Operates Off Single +5V Supply, or ±5V 
• Complementary 
Output to TTL 
• Low Offset Voltage 
• No Minimum 
Input Slew Rate Requirement 
• No Power Supply Current Spiking 
• Output Latch Capability 


APPLICATions 


• High Speed A to D Converters 
• High Speed Sampling Circuits 
• Line Receiver 
• Extended Range V to F Converters 
• Fast Pulse Height/Width 
Discriminators 


2k 
10-25MHZ 
(AT CUT) 


o 


"I 
820pF 


"I200PF 


LT1016 


Ultra Fast Pre isionComparator 


DESCRIPTIO~ 


The LT1016 is an ult a fast (10ns) comparator 
specifi- 
cally designed 
to int rface directly 
to TTL logic while 
operating off either a 
I ual ±5V supply or a single +5V 
supply. Tight offset v Itage specifications 
and high gain 
allow the LT1016 to 
e used in precision applications. 


Matched complement 
ry outputs further extend the ver- 
satility of this new co 
parator. 


A unique output stage is featured on the LT1016. It pro- 
vides active drive in b th directions for maximum speed 
into TTL logic or pass ve loads, yet does not exhibit the 
large current 
spikes 
normally 
found in "totem 
pole" 
output stages. This e iminates the need for a minimum 
input slew rate typic 
I of other very fast comparators. 
The ability of the LT1 16 to remain stable with the out- 
puts in the active regi n greatly reduces the problem of 
output "glitching" 
w en the input signal is slow mov- 
ing or is low level. 


The LT1016 has a tru 
latch pin for retaining input data 
at the outputs. The 0 tputs will remain latched as long 
as the latch pin is hel 
high. Quiescent negative power 
•• 
supply current is only 3mA-about 
ten times lower than 
~ 
competitive 
units. 
T~is reduces die temperature 
and 
allows the negative sU.P'plypin to be driven from virtually 
any supply 
voltage 
ith a simple 
resistive 
divider. 


Device performance is not affected by variations in nega- 
tive supply voltage. 


V,N 


100mV STEP 


5mV OVERDRIVE 


LD'--"'j 
- 
J 


I 


- -J 


ABSOLUTE mAXimum 
RATinGS 


Positive Supply Voltage (Note 4) 
7V 
Negative Supply Voltage 
7V 
Differential Input Voltage 
±5V 
Input Voltage (Either Input) 
Equal to Supplies 
Latch Pin Voltage 
Equal to Supplies 
Output Current(Continuous) 
± 20mA 
Operating Temperature 
Range 
LT1016M 
-55°Cto 
+125°C 
LT1016C 
O°Cto +70°C 
Storage Temperature 
Range 
- 65°C to + 150°C 
Lead Temperature 
(Soldering, 
10sec) 
300°C 


TOPVIEW 
v+ 


1 


LT1016MH 
LT1016CH 


6 
LATCH 
ENABLE 


METALCANHPACKAGE 


LT1016MJ 
LT1016CJ 
LT1016CN 
6 GNO 
5~~:~~E 


ELECTRICAL CHARACTERISTICS 


v+ 
=5V, 
v- 
=5V, 
VouT(O)=1.4V, 
VLATCH=OV, 
TA=25°C, 
unless 
otherwise 
noted. 


LT1016M 
LT1016C 
SYMBOL 
PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


vas 
Input Offset Voltage 
Rs:S 1oon (Note 1) 
08 
±2 
1.0 
±3 
mV 
• 
3 
3.5 
mV 


t.Vos 
Input Offset Voltage Drift 
• 
4 
4 
IJ.V/oC 


t.T 


los 
Input Oftset Current 
(Note 1) 
03 
1 
03 
1 
IJ.A 
• 
1.3 
0.3 
1.3 
IJ.A 


IB 
Input Bias Current 
(Note 2) 
5 
10 
5 
10 
IJ.A 
• 
13 
13 
IJ.A 


Input Voltage Range 
(Note 5) 
• -3.75 
+3.5 
-3.75 
+3.5 
V 


Single + 5V Supply 
• +1.25 
+3.5 
+1.25 
+35 
V 
CMRR 
Common-Mode Rejection 
-3.75V:sVCM:S 
+3.5V 
• 
80 
96 
80 
96 
dB 
PSRR 
Supply Voltage Rejection 
Positive Supply 
4.6V :sV+ :s5.4V 
• 
60 
75 
60 
75 
dB 
Negative Supply 
2V:s V 
:s7V 
• 
80 
100 
80 
100 
dB 
Av 
Small Signal Voltage Gain 
1V :sVOUT:S2V 
1400 
3000 
1400 
3000 
VIV 
VOH 
Output High Voltage 
V+ :s4.6V, 
IOUT=1mA • 
2.7 
3.4 
2.7 
3.4 
V 


10UT=10mA • 
2.4 
3.0 
2.4 
3.0 
V 


VOL 
Output Low Voltage 
ISINK=4mA • 
0.3 
05 
0.3 
0.5 
V 


ISINK= 10mA 
0.4 
0.4 
V 
1+ 
Positive Supply Current 
• 
25 
35 
25 
35 
mA 


I 
Negative Supply Current 
• 
3 
5 
3 
5 
mA 
VIH 
Latch Pin Hi Input Voltage 
• 
2.0 
2.0 
V 
VIL 
Latch Pin Lo Input Voltage 
• 
0.8 
0.8 
V 


IlL 
Latch Pin Current 
VLATCH=OV 
• 
500 
500 
~ 


LT1016 


ELECTRICAL CHARACTERISTICS 


v+ 
=5V, 
v- 
=5V, 
VouT(O)=1.4V, 
VlATCH=OV, 
TA=25°C, 
unless 
otherwise 
note 


lT1016M 
lT1016C 
SYMBOL 
PARAMETERS 
CONOITIONS 
MIN 
TYP 
~AX 
MIN 
TYP 
MAX 
UNITS 


tpo 
Propagation Delay 
IlVIN=100mV,OD=5mV 
10 
14 
10 
14 
ns 


(Note 3) 
• 
16 
16 
ns 


(N~~e 3) 
IlVIN=100mV,OD=20mV 
9 
12 
9 
12 
ns 


• 
5 
15 
ns 


Iltpo 
Differential 
Propagation 
(Note 3) IlVIN=100mV, 
OD=5mV 
3 
ns 
Delay 


latch 
Setup Time 
2 
2 
ns 


The • 
denotes the specifications 
which 
apply over the full operating 
Note 3: tpo and Iltpo cannot 
e measured in automatic handling equipment 
temperature range. 
with low values of overdrive. 
he l T1016 is 100% tested with a 1V step and 


For MIl-STD components, please refer to l TC883 data sheet for test listing 
500mV overdrive at 25°C on y. Correlation tests have shown that tpo and 


and parameters. 
Iltpo limits shown can be gua 
nteed with this test, if additional DCtests are 


Note 1: Input offset voltage is defined as the average of the two voltages 
measured by forcing first one output, then the other to 1.4V. Input offset 
current is defined in the same way. 


Note 2: Input bias current (IB) is defined as the average of the two input 
currents. 


performed to guarantee that ~I Internal bias conditions are correct. For low 
overdrive conditions Vos is a~ded to overdrive. 


Note 4: Electrical specifications apply only up to 5.4V. 


Note 5: See text for discuss on of input voltage range for supplies other 
than±5V, 
or +5V. 


S.O 


4.S 


4.0 


~ 
3.S 


~ 
3.0. 
~ 
~ 
2.5 


>- 
~ 
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o 
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I 
vs=±sv 
TJ= +12SoC 
10UT=0 
-;::::: I:::... 
-........ ",~ 
\~-TJ=2SoC 
- 
TJ=-SSoc 
~ 


~\ 


1.0 


o.S 


o-2.S 
-1.S 
-O.S 0 
O.S 
1.S 
2.S 
DIFFERENTIAL 
INPUTVOLTAGE(mV) 


Propagation 
Delay vs 


Source 
Resistance 


80 
vs= ±sv 
70 
OVERDRIVE 
= 20mV 


I 


60 
EQUIVALENT 
INPUTCAPACITANCE 


IS=3.SpF 


o 
o 
SOO 
lk 
1.Sk 
2k 
2.Sk 
3k 
SOURCERESISTANCE(O) 


TJ=JsoC 


\.. 
STEPSIZE= 100mV 


o 
o 
10 
20 
30 
OVERORIVE(mV) 


Propagation 
Delay vs 


Supply 
Voltage 


2S 


FALLINGEDGE,tPOHL 


RISINGEDGE'lPOLH 


o 
4.4 
4.6 
4.8 
S.O 
S.2 
S.4 
S.6 
POSITIVESUPPLYVOLTAGE(VI 


Propagation 
Delay vs 


Load 
Capacitance 


Vs= ±SV 
'OUT=O 


~o~ 


tpOLH 
f--- 


Propagation 
Delay vs Temperature 


o 
STEPSIZE= 100mV 
OVERDRIVE 
= SmV 
OUTPUTLOADCAPACITANCE 
= 10pF 


Vs=±SV 


Latch Set-Up Time 


6 


•..•...•. 


.....•...• 
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-- 


Output Low Voltage (Vau 


0.8 


:;;- 0.5 
ur 
~ 
0.4 
§; 
0.3 


Positive Supply Current 


so 


45 


40 


35 


:;;- 
30 
E 
f 


25 


20 


15 


10 


5 


0 
0 
2 
3 
4 
5 
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SUPPLY VOLTAGE(V) 


Positive Common-Mode 
Limit 


6 


Vs 


l 
= ±5~· 


r-r--r-- -'--r-- 


Output High Voltage (VaH) 


5.0 


4.5 


4.0 
:;;- 
ur 
3.5 
'"~ 
0 
3.0 
> 
~ 


2.5 


0 
2.0 


1.5 


t 
L50i 


I-- 


TJ=~5°C 


TJ=-55°C 


-6 
-50 
-25 
0 
25 
50 
75 
100 
125 
JUNCTION TEMPERATUREIOC) 


Negative Supply Current 


6 


.....•...•- 


o 
-so 
-25 
0 
25 
so 
75 
100 
125 
JUNCTION TEMPERATURE (OC) 
·SEE APPLICATION SECTION FOR COMMON·MOoE 


LIMIT WITH VARYING SUPPLY VOLTAGE. 
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75 
100 
125 


JUNCTION TEMPERATURE(OC) 


Common-Mode 
Rejection 


120 


110 
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90 
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80 
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60 
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"V'N=2V 
p-p 
f--- 
Vs= 
±5V 
TJ=25°C 
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Positive Supply Current 


40 
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2 
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0 
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75 
100 
125 
JUNCTION TEMPERATURE (OC) 
·SEE APPLICATION SECTION FOR COMMON-MODE 


LIMIT WITH VARYING SUPPLY VOLTAGE. 


TYPICAL PERFORmAnCE CHARACTERISTICS 


Latch Pin Threshold 
Latch Pin 
urrent* 


2.6 
300 


Vs=I±5V 


2.2 
250 


1.8 '::: 


200 
~ 
::::- 
~ 
LAiCHEo 
1 
w 
•... 


~ 
1.4 


OU~O 
- 
1 


150 -- 
> 
'-' 
1.0 
100 


0.6 
50 


'CURREN 
COMES OUT OF LATCH PIN 


8ELoW T 
RESHoLO 
0.2 
0 


-50 
-25 
0 
25 
50 
75 
100 
125 
-55 
-25 
0 
25 
50 
75 
100 
125 


JUNCTION TEMPERATURE lOCI 
JUNC 
ON TEMPERATURE(OC) 


APPLICATiOnS InFORmATion 


Common-Mode 
Considerations 


The LT1016 is specified for a common-mode 
range of 
common-mode 
limit, 
input 
bias current 
will 
increase 
. . 
-3. 
75V to +3.5V 
With supply voltages of ± 5V. A more 
general consideration is that the common-mode range is 
1.25V above the negative supply and 1.5V below the 
positive supply, independent of the actual supply voltage. 
The criteria for common-mode limit is that the output still 
responds correctly to a small differential 
input signal. 


Either input may be outside the common-mode limit (up to 
the supply voltage) as long as the remaining input is 
within the specified limit, and the output will still respond 
correctly. There is one consideration, however, for inputs 
which exceed the positive common-mode limit. Propaga- 
tion delay will be increased by up to 1Ons if the signal in- 
put is more positive than the upper common-mode limit 
and then switches 
back to within 
the common-mode 
range. This effect is not seen for signals more negative 
than the lower common-mode limit. 


Input Impedance 
and Bias Current 


Input bias current is measured with the output held at 
1.4V. As with any simple NPNdifferential input stage, the 
LT1016 bias current will go to zero on an input which is 
low and double on the input which is high. If both inputs 
are less than 0.8V above V- , both input bias currents 
will 
go to zero. 
If either input 
exceeds the positive 


rapidly, approaching several milliamperes at VIN= V+ . 


Differential 
input 
resistance 
at zero differential 
input 
voltage is about 10kO, rapidly increasing as larger DCdif- 
ferential input signals are applied. Common-mode input 
resistance 
is about 
MO with 
zero differential 
input 
voltage. With large dif erential input signals, the high in- 
put will have an input resistance of about 2MO and the 
low input, greater tha 
20MO. 


Input capacitance is ty ically 3.5pF. This is measured by 
inserting 
a 1kO resistor in series with the input and 
measuring the resulta t change in propagation delay. 


Latch Pin Dynamics 


The latch pin is inter.ded to retain input data (output 
latched) when the latc 
pin goes high. This pin will float 
to a high state when disconnected, 
so a flow-through 
condition requires th~t the latch pin be grounded. 
To 
guarantee data retention, the input signal must be valid at 
least 5ns before the I~tch goes high (set-up time) and 
must remain valid at least 3ns after the latch goes high 
(hold time). When the latch goes low, new data will ap- 
pear at the output in approximately 8-lOns. 
The latch pin 
is designed to be driven with TTL or CMOS gates. It has 
no built-in hysteresis. 
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Measuring 
Response Time 


The LT1016 is able to respond quickly to fast low level 
signals 
because 
it has a very 
high 
gain-bandwidth 
product 
("" 50GHz), even at very high frequencies. 
To 
properly measure the response of the LT1016 requires an 
input signal source with very fast rise times and excep- 
tionally clean settling characteristics. 
This last require- 
ment comes about because the standard comparator test 
calls for an input step size that is large compared to the 
overdrive amplitude. 
Typical test conditions are 100mV 
step size with only 5mV overdrive. This requires an input 
signal that settles to within 1% (1mV) of final value in on- 
ly a few nanoseconds with no ringing or "long tailing". 
Ordinary high speed pulse generators are not capable of 
generating 
such a signal, and in any case, no ordinary 
oscilloscope 
is capable 
of diplaying 
the waveform 
to 
check its fidelity. Some means must be used to inherently 
generate a fast, clean edge with known final value. 


The circuit shown in Figure 1 is the best electronic means 
of generating 
a known 
fast, 
clean step to test com- 
parators. It uses a very fast transistor in a common base 
configuration. 
The transistor 
is switched 
"off" 
with a 
fast edge from the generator and the collector voltage set- 
tles to exactly OVin just a few nanoseconds. The most im- 
portant feature of this circuit is the lack of feedthrough 
from the generator to the comparator input. This prevents 
overshoot on the comparator 
input which would give a 
false fast reading on comparator response time. 


To adjust this circuit for exactly 5mV overdrive, V1 is ad- 
justed so that the LT1016 output under test settles to 


PULSE 
ru 
IN 
-3V 


l.4V 
(in the linear region). Then V1 is changed 
-5V 
to 
set overdrive at 5mV. 


The test circuit shown measures low to high transition on 
the" +" input. For opposite polarity transitions 
on the 
output, simply reverse the inputs of the LT1016. 


High Speed Design Techniques 


A substantial 
amount 
of design 
effort 
has made the 
LT1016 relatively easy to use. It is much less prone to 
oscillation 
and other vagaries than some slower com- 
parators, even with slow input signals. In particular, the 
LT1016 is stable in its linear region, a feature no other 
high speed comparator 
has. Additionally, 
output stage 
switching 
does not appreciably 
change power supply 
current, further enhancing stability. These features make 
the application 
of the 50GHz gain-bandwidth 
LT1016 
considerably 
easier than other fast comparators. 
Unfor- 
tunately, 
laws 
of 
physics 
dictate 
that 
the 
circuit 
environment 
the LT1016 works 
in must 
be properly 
prepared. The performance limits of high speed circuitry 
are 
often 
determined 
by 
parasitics 
such 
as 
stray 
capacitance, 
ground 
impedance, 
and layout. 
Some of 
these considerations are present in digital systems where 
designers 
are comfortable 
describing 
bit patterns and 
memory access times 
in terms 
of nanoseconds. 
The 
LT1016 can be used in such fast digital systems 
and 
Figure 2 shows just how fast the device is. The simple 
test circuit allows us to see that the LT1016's 
(Trace B) 


+5V 
0.0'" 


~ 
-, 
ox SCOPE PROBE 


(C'N~'OpF) 


, ox SCOPE PROBE 


(C'N~'OpF) 


0.01 


~ 


·SEE TEXT FOR CIRCUIT EXPLANATION 
··TOTAL 
LEAD LENGTH INCLUDING 
DEVICE PIN. 


SOCKET AND CAPACITOR LEADS SHOULD BE 
LESS THAN 0.5 IN. USE GROUND PLANE 
t (Vas + OVERDRIVE) x 1000 
-5V 


Figure 1. Response Time Test Circuit 


response to the pulse generator (Trace A) is as fast as a 
TIL inverter (Trace C) even when the LT1016 has only 
millivolts of input signal! Linear circuits operating with 
this kind of speed make many engineers justifiably wary. 
Nanosecond domain linear circuits are widely associated 
with oscillations, mysterious shifts in circuit characteris- 
tics, unintended modes of operation and outright failure 
to fu nction. 


Other common problems include different measurement 
results using various pieces of test equipment, inability to 
make measurement 
connections 
to the circuit without 
inducing spurious responses and dissimilar operation be- 
tween two "identical" 
circuits. 
If the components used 
in the circuit are good and the design is sound, all of the 
above problems can usually be traced to failure to provide 
a proper circuit' 
'environment." 
To learn how to do this 
requires 
studying 
the causes 
of the aforementioned 
difficulties. 


By far the most common error involves power supply 
bypassing. 
Bypassing is necessary to maintain low sup- 
ply impedance. DC resistance and inductance in supply 
wires and PCtraces can quickly build up to unacceptable 
levels. This allows the supply line to move as internal cur- 


rent levels of the deviges connected to it change. Thi~ will 
almost 
always 
causr 
unruly 
operation. 
In addition, 
several devices conn cted to an unbypassed supply can 
"communicate" 
thro gh the finite supply impedances, 
causing erratic mode . Bypass capacitors furnish a sim- 
ple way to eliminate 
his problem by providing 
a local 
reservoir of energy a the device. The bypass capacitor 
acts like an electrical 
lywheel to keep supply impedance 
low at high frequen 
ies. The choice of what type of 
capacitors to use for bypassing 
is a critical issue and 
should be approached carefully. 
An unbypassed LT1016 
is shown responding to a pulse input in Figure 3. The 
power supply the LT1016 sees at its terminals has high 
impedance at high fr quency. This impedance forms a 
voltage divider with teL 
T1016, allowing the supply to 
move as internal con itions in the comparator change. 
This 
causes 
local f edback 
and 
oscillation 
occurs. 


Although the LT1016 esponds to the input pulse, its out- 
put is a blur of 100M 
z oscillation. 
Always use bypass 
capacitors. 


In Figure 4 the LT10 6's supplies are bypassed, but it 
still oscillates. In this Tse, the bypass units are either too 
.- 
far from the device or re lossy capacitors. Use capacitors 
~ 
with good high 
freq ency characteristics 
and mount 
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them as close as possible to the LTt016. An inch of wire 
between the capacitor and the LT1016 can cause prob- 
lems. 
If operation in the linear region is desired, 
the 
LT1016 must be over a ground plate with good RF bypass 
capacitors (~0.01pF) 
having lead lengths less than 0.2 
inches. Do not use sockets. 


In Figure 5 the device is properly bypassed but a new 
problem pops up. This photo shows both outputs of the 
comparator. Trace A appears normal, but Trace B shows an 
excursion of almost 8V - 
quite a trick for a device running 
from a +5V supply. This is a commonly reported problem 
in high speed circuits and can be quite confusing. 
It is not 
due to suspension 
of natural law, but is traceable to a 
grossly 
miscompensated 
or improperly 
selected 
oscil- 
loscope probe. 
Use probes 
which match your oscillo- 
scope's input characteristics 
and compensate them pro- 
perly. 
Figure 6 shows another probe-induced problem. 
Here, the amplitude seems correct but the 10ns response 
time LT1016 appears to have 50ns edges! In this case, the 


probe used is too heavily compensated or slow for the os- 
cilloscope. Never use 1X or"straight" 
probes. Their band- 
width 
is 20MHz or less and capacitive loading is high. 
Check probe 
bandwidth 
to ensure 
it is adequate 
for 
the 
measurement. 
Similarly, 
use 
an 
oscilloscope 
with adequate bandwidth. 


In Figure 7 the probes are properly selected and applied 
but the LT1016's 
output rings and distorts badly. In this 
case, the probe ground lead is too long. For general pur- 
pose work most probes come with ground leads about 6 
inches 
long. 
At low frequencies 
this 
is fine. 
At high 
speed, the long ground lead looks inductive, 
causing the 
ringing shown. High quality probes are always supplied 
with some short ground straps to deal with this problem. 
Some come with very short spring clips which fix directly 
to the probe tip to facilitate a low impedance ground con- 
nection. 
For fast work, 
the ground 
connection 
to the 
probe should 
not exceed 
1 inch in length. Keep the 
probe ground connection as short as possible. 


Figure 5. 
Improper 
Probe Compensation 
Causes 
Seemingly 
Unexplainable 
Amplitude 
Error 


Figure 6. 
Overcompensated 
or Slow Probes Make Edges 
Look Too Slow 
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Figure 8 shows the LT1016's output (Trace B) oscillating 
near 40MHz as it responds to an input (Trace A). Note 
that the input signal shows artifacts of the oscillation. 
This example is caused by improper grounding 
of the 
comparator. In this case, the LT1016's 
ground pin con- 
nection is 1 inch long. The ground lead of the LT1016 
must be as short as possible and connected directly to a 
low impedance ground point. Any substantial impedance 
in the LT1016's 
ground path will generate effects like 
this. The reason for this is related to the necessity of 
bypassing the power supplies. The inductance created 
by a long device ground lead permits mixing of ground 
currents, 
causing undesired effects in the device. The 
solution here is simple. Keep the LT1016's 
ground pin 
connection as short (typically 
1f4 inch) as possible and run 
it directly to a low impedance ground. Do not use sockets. 


Figure 9 addresses 
the issue of the "low 
impedance 
ground," 
referred to previously. In this example, the out- 
put is clean except for chattering around the edges. This 
photograph was generated by running the LT1016 with- 
out a •'ground plane." 
A ground plane is formed by using 
a continuous conductive plane over the surface of the cir- 


cuit board. The only 
reaks in this plane are for the cir- 
cuit's necessary curr 
nt paths. The ground plane serv"es 
two functions. 
Becau e it is flat (AC currents travel along 
the surface of a cond ctor) and covers the entire area of 
the board, it provide~ a way to access a low inductance 
ground from anywhere on the board. Also, it minimizes 
the effects of stray c*acitance 
in the circuit by referring 
them to ground. This breaks up potential unintended and 
harmful feedback pat s. Always use a ground plane with 
the LT1016, 
when i put signal levels are low or slow 
moving. 


"Fuzz" 
on the edge 
is the difficulty 
in Figure 10. This 
condition appears si 
i1arto Figure 10, but the oscillation 
is more stubborn an 
persists well after the output has 
gone low. This condil,on is due to stray capacitive feed- 
back from the output 
to the inputs. A 3kO input source 
impedance and 3pF 0 stray feedback allowed this oscilla- 
tion. The solution fo;r this condition 
is not too difficult. 


Keep source impeda 
ces as low as possible, 
preferably 
1kO or less. Route ou 
ut and input pins and components 
away from each other. 
• 


Figure 8. 
Excessive LT1016 Ground Path Resistan e 
Causes Oscillation 


Figure 10. 
3pF Str~y Capacitive Feedback with 3kU 
Source Can Cause ~scillation 


The opposite 
of stray-caused 
oscillations 
appears 
in 
Figure 11. Here, the output response (Trace B) badly lags 
the input (Trace A). This is due to some combination 
of 
high source impedance and stray capacitance to ground 
at the input. The resulting RCforces a lagged response at 
the input, and output delay occurs. An RCcombination of 
2kO source resistance and 10pF to ground gives a 20ns 
time constant - 
significantly 
longer than the LT1016's 
response time. Keep source impedances low and mini- 
mize stray input capacitance to ground. 


Figure 12 shows another capacitance-related 
problem. 


Here the output does not oscillate, but the transitions are 
discontinuous 
and relatively slow. The villain of this situa- 
tion is a large output 
load capacitance. 
This could be 
caused by cable driving, excessive output lead length or 
the input characteristics 
of the circuit 
being driven. 
In 
most situations this is undesirable and may be eliminated 
by 
buffering 
heavy capacitive 
loads. 
In a few 
cir- 


cumstances it may not affect overall circuit operation and 
is tolerable. 
Consider 
the comparator's 
output 
load 
characteristics and their potential effect on the circuit. If 
necessary, buffer the load. 


Another output-caused 
fault is shown in Figure 13. The 
output transitions are initially correct but end in a ringing 
condition. 
The key to the solution 
here is the ringing. 


What is happening is caused by an output lead which is 
too long. The output 
lead looks like an unterminated 
transmission 
line at high frequencies and reflections oc- 
cur. This accounts for the abrupt reversal of direction on 
the leading edge and the ringing. 
If the comparator 
is 
driving TTL this may be acceptable, but other loads may 
not tolerate it. In this instance, the direction reversal on 
the leading edge might cause trouble in a fast TTL load. 
Keep output lead lengths short. If they get much longer 
than a few inches, 
terminate with a resistor (typically 
2500-4000). 


Figure 11. 
Stray 5pF Capacitance from Input to Ground 
Causes Delay 


Figure 12. 
Excessive Load Capacitance Forces 
Edge Distortion 
Figure 13. 
Lengthy, Unterminated 
Output Lines Ring 
from Reflections 
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200n5-0.01 % Sample-and-Hold 
Circuit 


Figure 14's 
circuit 
uses the LT1016's 
high speed to 
improve upon a standard circuit function. The 200ns ac- 
quisition time is well beyond monolithic sample-and-hold 
capabilities. 
Other specifications 
exceed the best com- 
mercial unit's performance. This circuit also gets around 
many of the problems associated with standard sample- 
and-hold approaches, 
including 
FET switch errors and 
amplifier settling time. Toachieve this, the LT1016's high 
speed is used in a circuit which completely abandons 
traditional sample-and-hold 
methods. 


Important specifications 
for this circuit include: 


Acquisition 
Time 
<200ns 


Common-Mode 
Input Range 
±3V 
Droop 
1p,V/ p,S 


Hold Step 
2mV 


Hold Settling Time 
15ns 


Feedthrough 
Rejection 
> > 100dB 


When the sample-hold line goes low, a linear ramp starts 
just below the input level and ramps upward. When the 
ramp voltage reaches the input voltage, A1 shuts off the 
ramp, latches itself off, and sends out a signal indicating 
sampling is complete. 


1.8p,S, 12-Bit A-D Converter 


The LT1016's high s~ed 
is used to implement a very fast 
12-bit A-D converter i~ Figure 15. The circuit is a modified 
form of the standard ~uccessive approximation approach 
and is faster than m~t 
commercial SAR 12-bit units. In 
this 
arrangement 
th 
2504 
successive 
approximation 
register (SAR), A1 an 
C1 test each bit, beginning with the 
MSB, and produce a d gital word representing VIN's value. 
Toget faster conversio 
time, the clock is controlled by the 
window comparator 
onitoring the DAC-input summing 
junction. Additionally, the DMOS FETclamps the DACout- 
put to ground 
at th 
beginning 
of each clock 
cycle, 


shortening 
DAC settli g time. After the fifth bit is con- 
verted, the clock run 
at maximum speed. 


1Hz-10MHz V-F C nverter 


The LT1016 and the 
T1012 low drift amplifier combine 
to form a high spee 
V - 
F converter 
in Figure 16. A 
variety of circuit tech iques is used to achieve a 1Hz to 
10MHz 
output. 
oveirange 
to 12MHz 
(VIN=12V) 
is 
provided. This circuit 
as a wider dynamic range (140dB, 


or 7 decades) than a y commercially available unit. The 
6 


10MHz 
full-scale 
fr quency 
is 10 times 
faster 
than 
currently 
available 
onolithic 
V - 
F's. 
The theory 
of 
operation is based on the identity a = CV. 


- 15V 
- 5V 
OUTPUT 


Figure 14. 
200ns Sample-and Hold 
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Each time the circuit produces an output pulse, it feeds 
back a fixed quantity of charge (0) to a summing 
node 
(E). The circuit's 
input furnishes a comparison current at 
the summing 
node. The difference signal at the node is 
integrated in a monitoring amplifier's 
feedback capacitor. 
The 
amplifier 
controls 
the 
circuit's 
output 
pulse 
generator, 
completing 
a feedback 
loop around 
the 
integrating 
amplifier. 
To maintain the summing 
node at 
zero, the pulse generator 
runs at a frequency 
which 
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HPS082-2810 


*1% FilM RESISTOR 
"PRECISION 0.01%; VISHAY S-102 


permits 
enough 
charge 
pumping 
to offset 
the input 
signal. Thus, the output frequency will be linearly related 
to the input voltage. A1 is the integrating amplifier. 


To trim this circuit, ground the input and adjust the 1k pot 
for 1Hz output. Next, apply 1O.OOOVand set the 2kO unit 
for 1O.OOOMHzoutput. The transfer linearity of the circuit 
is 0.06%. 
Full-scale drift is typically 50ppm/oC 
and zero 
point error about 0.2p.V/oC 
(O.2Hz/oC). 
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APPEnDIX A 


About Level Shifts 


The TIL 
output of the LT1016 will interface with many 
circuits 
directly. 
Many applications, 
however, require 
some form of level shifting 
of the output swing. 
With 
LT1016-based circuits this is not trivial because it is desir- 
able to maintain very low delay in the level shifting stage. 
When designing level shifters, keep in mind that the TIL 
output of the LT1016 is a sink-source pair (Figure A1) with 
good ability to drive capacitance (such as feedforward 
capacitors) . 


Figure A2 shows a non-inverting voltage gain stage with a 
15V output. When the LT1016 switches, the base-emitter 
voltages at the 2N2369 reverse, causing it to switch very 
quickly. 
The 2N3866 emitter-follower 
gives a low im- 


pedance output and the Schottky diode aids current sink 
capability. 


Figure A3 is a very versatile stage. It features a bipolar 
swing which may be programmed by varying the output 
transistor's 
supplies. 
This 3ns delay stage is ideal for 
driving 
FET switch gates. 01, a gated current source, 
switches the Baker-clamped output transistor, 
02. The 
heavy feedforward capacitor from the LT1016 is the key to 
low delay, providing 02's base with nearly ideal drive. This 
capacitor loads the LT1016's output transition (Trace A, 
Figure M), but 02 's switching is clean (Trace B, FigureM) 
with 3ns delay on the rise and fall of the pulse. 


NON-INVERTING VOLTAGE GAIN 
12pF 


tRISE=4ns 


tFALL ~ 5ns 
Figure A2 


Figure A5 is similar to A2 except that a sink transistor has 
replaced the Schottky 
diode. The two emitter-followers 
drive a power MOSFET which switches 
1A at 15V. Most 
of the 7ns-9ns 
delay in this stage occurs in the MOSFET 
and the 2N2369. 


When designing 
leve shifters, 
remember 
to use tran- 
sistors with fast switc 
ing times and high fr 'so To get the 
kind of results show 
, switching 
times in the ns range 
and fr's 
approaching 
1GHz are required. 
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+ 5V 
OUTP 
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(SHO 
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-IOV 
C:~5~~~~;~SED 
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INVERTING VOLTAGE GAIN - 
BIPOLAR SWING 
IRISE= 3ns 
'FAll=3ns 


fRlse:::: 7ns 


tFALl=9ns 
NON·INVERTING 
VOLTAGE GAIN 
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J8 Package 
8 Lead Hermetic 
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N8 Package 
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r:"~~):l 
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, 
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• Ultra Fast (10nstyp) 
• Operates Off Single + 5VSupply,or ±5V 
• Complementary Output to TIL 
• Low Offset Voltage 
• No Minimum Input Slew Rate Requirement 
• No PowerSupply Current Spiking 
• Output Latch Capability 


• High SpeedA to DConverters 
• High Speed Sampling Circuits 
• Line Receiver 
• Extended RangeV to FConverters 
• Fast Pulse HeightlWidth Discriminators 


2k 
10-25MHz 
(AT CUT) 


U 


"J" 200pF 


LT1016CS8 


Ultra Fast Precision Comparator 


DES(RIPTI~n 


The LT1016is an ultra fast (10ns)comparator specifically 
designed to interface directly to TIL logic while operating 
off either a dual ± 5V ~upply or a single + 5V supply. Tignt 
offset voltage specilications 
and high gain allow the 
LT1016 to be used n precision applications. 
Matched 
complementary outp Its further extend the versatility of 
this new comparator. 


A unique output stage is featured on the LT1016. It pro· 
vides active drive in ~oth directions for maximum speed 
into TIL logic or pas ive loads, yet does not exhibit the 
large current spikes 
ormally found in "totem pole" out· 
put stages. This elimi ates the need for a minimum input 
slew rate typical of 0jher very fast comparators. The abil· 
ity of the LT1016to r main stable with the outputs in the 
active region greatl 
reduces the problem of output 
"glitching" when the Input signal is slow moving or is low 
level. 


The LT1016has a true latch pin for retaining input data at 
the outputs. The outp 
1 


1 
ts will remain latched as long as the 
•• 
latch pin is held hig . Quiescent negative power supply 
~ 
current is only 3mA 
about ten times lower than com· 
petitive units. This re uces die temperature and allows the 
negative supply pin to be driven from virtually any supply 
voltage with a simple resistive divider. Device performance 
is not affected byvariations in negative supply voltage. 


V,N 


100mV STEP 


5mV OVERORIVE 


LO'.--'" 
- 


f 
II 


J 


Positive Supply Voltage (Note 4) 
7V 
Negative Supply Voltage 
7V 
Differential Input Voltage 
± 5V 
Input Voltage (Either Input) 
Equal to Supplies 
Latch Pin Voltage 
Equal to Supplies 
Output Current (Continuous) 
±20mA 
Operating Temperature Range 
O°Cto 70°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


ORDER PART 
NUMBER 


LT1016CS8 


ELECTRICAL CHARACTERISTICS 


v+ 
= 5V, v- 
=5V, VOUT(Q)= 
1.4V, VLATCH =ov, 
TA =25°C, 
unless otherwise noted. 


LT1016C 
SYMBOL 
PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
Rs"l0011(Note 
1) 
1.0 
±3 
mV 
• 
±3.5 
mV 


aVos 
Input Offset Voltage Drift 
• 
4 
~V/oC 


aT 


los 
Input Offset Current 
(Note 1) 
0.3 
1 
~A 
• 
0.3 
1.3 
~A 


IB 
Input Bias Current 
(Note 2) 
5 
10 
~A 
• 
13 
~A 


Input Voltage Range 
(Note 5) 
• 
-3.75 
+3.5 
V 


Single + 5V Supply 
• 
+1.25 
+3.5 
V 


CMRR 
Common·Mode Rejection 
-3.75V"VCM" 
+3.5V 
• 
80 
96 
dB 


PSRR 
Supply Voltage Rejection 
Positive Supply 4.6V "V+ ,,5.4V 
• 
60 
75 
dB 


Negative Supply 2V"V - ,,7V 
• 
80 
100 
dB 


Av 
Small Signal Voltage Gain 
1V"VouT,,2V 
1400 
3000 
VN 


VOH 
Output High Voltage 
V+ ;;,4.6V, 
lOUT= lmA 
• 
2.7 
2.9 
V 


lOUT= 10mA 
• 
2.4 
2.8 
V 


VOL 
Output Low Voltage 
IS1NK=4mA 
• 
0.3 
0.5 
V 
ISINK=10mA 
0.4 
V 


i+ 
Positive Supply Current 
• 
25 
35 
mA 


1- 
Negative Supply Current 
• 
3 
5 
mA 


V1H 
Latch Pin Hi Input Voltage 
• 
2.0 
V 


V1L 
Latch Pin Lo Input Voltage 
• 
. 
0.8 
V 


IlL 
Latch Pin Current 
VLATCH=OV 
• 
500 
~A 


t:1.t:t;TRIt;HI. t;"HRHt;Tt:RI~Tlt;~ 
v+ = 5V, V- 
=5V, VOUT(Q)= 1.4V, VLATCH =OV, TA = 25°C, unless otherwise 
noted. 


LT1016C 
SYMBOL 
PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


tpD 
Propagation Delay 
6VIN= 
100mV,OD=5mV 
10 
14 
ns 


(Note 3) 
• 
16 
ns 


6V1N = 100mV,00 = 20mV 
9 
12 
ns 
• 
15 
ns 


6tpD 
Differential Propagation 
(Note 3) 6V1N = 100mV,00 = 5mV 
3 
ns 
Delay 


Latch Setup Time 
2 
ns 


.. 
The. 
denotes the specifications 
which apply over the full operating tem· 


perature range. 


Note 1': Input offset voltage is defined as the average of the two voltages 
measured by forcing first one output, then the other to 1.4V.lnput offset 
current is defined in the same way. 


Note 2: Input bias current (IB) is defined as the average of the two input 
currents. 


Note 3. Propagation delay IS1measured with the overdrive added to actual 
Vos. Guaranteed but not testfd. 
Note 4: Electrical specifications 
apply only up to 5.4V. 


Note 5: See text for discussi 
n of input voltage range for supplies other 
than ± 5V,or + 5V. 


• 
Maximum Offset Voltage 
• 
Maximum Bias Current 
• Typical Output Drive 
• Operates from 1.1Vto 40V 
• Internal Pull·Up Current 
• Output Can Drive Loads Above V+ 
• 30llA Supply Current (LT1017) 
110llASupply Current (LT1018) 


1mV 
15nA 
70mA 


• 
PowerSupply Monitors 
• Relay Driving 
• Oscillators 


YSI44011 


2S8.3k@S·C 
333.1k@0·C 


LT1017/LT1018 


Micropowe 
Dual Comparator 


The LT1017 and LT10 8 are general purpose micropower 
comparators. The LT1 17 is optimized for lowest operat· 
ing power while the L 1018operates at higher power and 
higher speed. Both de~'ces can operate from a single 1.1V 
cell up to 40V.The out ut stage includes a class "B" pull· 
up current source, eli 
inating the need for an external re- 
sistive pull-up and sav ng power. The output stage is also 
designed to allow dri ing loads connected to a supply 
more positive than th 
device, as can comparators with 
open collector output 
tages. 


Input specifications a e also excellent. On·chip trimming 
minimizes offset volt~ge, while high gain and common· 
mode rejection ratio keep other input·referred errors low. 
Common-mode voltag 
range includes ground. Special cir· 


cuitry prevents false 
utput states even if the input is 
overdriven. 


The LT1017and LT101 are pin compatible with older dual 
comparators such as 3 3 type devices. 
• 


'i 120 


;=100 
~8 
80 
>- 
~ 
60 


5l 


40 


2 i 
10 
20 
40 


TOT L SUPPLy'VOLTAGE 
(V) 


ABSOLUTEmAXimum 
RATinGS 


Supply Voltage 
40V 
Differential 
Input Voltage 
40V 
Input Voltage 
- 0.3V to 40V 
Short Circuit 
Duration 
Indefinite 
Operating 
Temperature 
Range 
LT1017M, LT1018M 
-55°Ct0125°C 
LT1017C, LT1018C 
O°C to 70°C 
Storage Temperature 
Range 
- 65°C to 150°C 
Lead Temperature 
(Soldering, 
10 sec) 
300°C 


4 
v- 


METAL 
CAN H PACKAGE 


LT1017MH, 
LT1017CH 
LT1018MH, 
LT1018CH 
LT1017CN8 
LT1018CN8 


PARAMETER 
CONDITIONS 
LT1017 
LT1018 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Offset Yoltage 
±0.75Y",Ys'" 
±20Y 
25°C 
0.4 
1 
0.4 
1 
mY 
(Note 1) 
• 
0.5 
1.4 
0.5 
1.4 
mY 
125°C 
1.5 
0.7 
1.5 
mY 


Bias Current 
± 0.75Y "'Ys'" 
± 20Y 
25°C 
5 
15 
15 
75 
nA 
• 
7 
25 
18 
100 
nA 
125°C 
10 
40 
110 
nA 


Offset Current 
±0.75Y",Ys'" 
±20Y 
25°C 
0.4 
2 
1 
8 
nA 
• 
0.5 
3 
1.6 
12 
nA 
125°C 
12 
20 
nA 


Common-Mode Rejection Ratio 
Ys= ±20Y, -20Y"'YCM"'19.1Y 
25°C 
105 
115 
105 
115 
dB 
• 
100 
115 
100 
115 
dB 
125°C 
86 
100 
95 
110 
dB 


Power Supply Rejection Ratio 
±0.75Y",Ys'" 
±20Y 
25°C 
96 
110 
96 
110 
dB 
• 
95 
105 
95 
105 
dB 
125°C 
86 
86 
100 
dB 


Gain 
No Load, YOUT= 
± 19.9Y (Note 2) 
25°C 
110 
115 
110 
125 
dB 
• 
105 
115 
105 
120 
dB 
125°C 
100 
100 
dB 
RL = 4k, YOUT= 
± 19Y 
25°C 
100 
110 
100 
110 
dB 
• 
94 
94 
dB 


Output Sink Current 
y+ =4.5Y, Y- =0 
25°C 
30 
65 
35 
70 
mA 
Overdrive> 30mY 
• 
25 
50 
25 
50 
mA 
125°C 
10 
20 
10 
30 
mA 


Output Source Current 
Y+=40Y,Y 
=0 
25°C 
30 
75 
75 
250 
pA 
Y1N=5mY, YOUT=O.4Y 
• 
25 
70 
50 
220 
pA 
125°C 
25 
75 
50 
200 
pA 


Output Source Current 
y+ = 1.2Y, Y- =0 
25°C 
25 
35 
70 
140 
pA 
Y1N= 5mY, YOUT = O.4Y 
• 
15 
20 
45 
120 
pA 
125°C 
25 
40 
40 
110 
pA 


LT1017/LT1018 


ELECTRICAL CHARACTERISTICS 


CONDITIONS 
LT1017 
LT1018 
UNITS 
PARAMETER 
MIN 
TYP 
~ AX 
MIN 
TYP 
MAX 


Negative Output Saturation 
10UT=0 
V+ =4.5V, V- =0 
25°C 
5 
2 
5 
15 
mV 
=O.lmA 
VIN= -10mV 
25°C 
35 
6 
35 
60 
m" 
=lmA 
25°C 
60 
1 0 
60 
120 
mV 
=10mA 
25°C 
120 
200 
120 
250 
mV 
=30mA 
25°C 
350 ~r 


350 
700 
mV 
10UT=0 
• 
5 
8 
20 
mV 
=O.lmA 
• 
40 it 


35 
70 
mV 
=lmA 
• 
75 
70 
150 
mV 
=10mA 
• 
150 
30 
150 
300 
mV 
=30mA 
• 
600 
90 
500 
900 
mV 
10UT=0 
125°C 
25 
5 
10 
40 
mV 
=O.lmA 
125°C 
60 
100 
60 
100 
mV 
=lmA 
125°C 
100 ~f 


110 
200 
mV 
=10mA 
125°C 
300 
300 
400 
mV 
=30mA 
125°C 
900 
mV 


Positive Output Saturation 
10UT=0 
25°C 
40 
~io 


35 
80 
mV 
= lO~A 
25°C 
175 
175 
250 
mV 
=0 
• 
45 
45 
90 
mV 
= lO~A 
• 
190 
300 
190 
300 
mV 
=0 
125°C 
50 
100 
50 
100 
mV 
= lO~A 
125°C 
3 
300 
mV 


Leakage Current 
Vs=5V, VouT=40V 
25°C 
0.5 
3 
1 
8 
~ 
VIN2:100mV 
• 
0.6 
3 
1.8 
10 
~A 
125°C 
5 
15 
~A 


Supply Current 
Vs=5V 
25°C 
30 
~d 
110 
250 
~A 
• 
40 
110 
250 
~A 
125°C 
8q 
300 
~A 
Vs = 40V 
25°C 
40 
90 
130 
250 
~A 
• 
55 
100 
140 
270 
~A 
125°C 
100 
300 
~A 
Minimum Operating Voltage 
10UT=lmA 
25°C 
1. 5 
1.2 
V 
• 
1. 5 
1.2 
V 
125°C 
1. 5 
1.2 
V 


The. 
denotes specifications 
which apply over operating temperature 


range of - 55°C to 85°C for M grade parts and O°C to 70°C for C grade 
parts. 


Note 1: Offset voltage is gu 
anteed over a common· mode voltage range of 
V- SVINS(V+ -0.9V). 


Note 2: No load gain is guar nteed but not tested (LT1017 only). 
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TYPICAL PERFORmAnCE 
CHARACTERISTICS 


Transition Time 
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APPLICATions 
Driving Relays 


+12V 


V+ =5V; 
v- 
=ov 


V IN= loomV 
WITH 
10mV OVERORIVE 


V+=5V; 
V-=OV 


V IN= 100mV WITH 
10mV OVERDRIVE 


Increasing Positive Outpui Current 
v+ 


LT1018 
Vsup=40V 


LT1018 


Vsup=2V 


10% 
VFlNAlSVOUTS90% 
VFINAl 


VOVERORIVE=10mV 


10k 
lOOk 
1M 
PULL-UP RESISTOR (Il) 


Delay On Power Up 


V+ 


V+=5V; 
V-=OV 


V IN= 100mV WITH 
lOmV DVERDRIVE 


V+~5V; 
V-=DV 
V,N= 
100mV 
WITH 
10mV OVERDRIVE 


s 


APPLICATions 


lT1018 Op Amp, Av= 100 


Rl=100k 
BANDWIDTH= 30Hz 
-SlEW=320V/ms 
+SLEW=O.93V/ms 
·WITH R1= 1k 
BANDWIDTH", 200Hz 


-SLEW = 23-5V/ms 
+SlEW=O.017V/ms 
BANDWIDTH=O.3Hz@Rl=220k 


4.7k 


~SUPPLY 


L-DUTPUT 


4.ik 


~SUPPLY 


l-OUTPUT 


V1N 
6.00V 
5.25V 
5.00V 
4.75V 


LEO 


OFF 
FLASH AT 1Hz 
FLASH AT 3Hz 
FLASH AT 5Hz 


t 
_ 
( 
Rl) 
VOUT-1.2 
1 +112 


'OALE TE-5/Q3/4QOmH 


22"F 
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47 
"F 


220k 
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+€-J. 


lN4148 
.". 


330k h. 


O.1"F 
.". 


'IO"'350~ 
t 10/, RESiSTOR 


INTERROGATE 
PULSE 


500"" 


INTERROGATE 
PULSE -fL.- 


OUTPUT 
PULSE -.Il.... 


VIN> 
VTRIP 


NO OUTPUT 
PULSE FORV,N<VTR,P 


LT1004 
.1.2V 


+;J;100pF 
II 
TRW # PC·550·32 


H Package 
a·Lead TO·S Metal Can 
N Package 
a·Lead Plastic DIP 


0.165-0.185 
(4.191-4.699) 
,_~ 
~t__ 
REFERENCE 


• 
PlANE 
0.500-0.750 
(12.70-19.05) 
, 
~t 
t 


°.400~ 
(10160) 


MAX0 


765t 
0.25O±0.010 


~0.254) 


1 
2 
3 
4 


0045-0.065 
I.-- 
~ 


(1.143_'.~5') 
(3.302±0.127) 


0.065 
=tJ.020 
(1.651)~ 
_. 
(0.508) 


TYP 
MIN 
~tJ 
0.125 
(0.229-0.381) 
(3.175) 


0.045±0 015 tJ j L 
MIN 
(1.143±0 381) 


O.IOO±O.OlO 
0.018±0.OO3 


(2.540±0.254) 
10.457±0.076) 


• Maximum Offset Voltage 
• Maximum Bias Current 
• Typical Output Drive 
• Operates from 1.1Vto 40V 
• Internal Pull·UpCurrent 
• Output Can Drive Loads Above V+ 
• 30/lASupply Current (LT1017) 
110/lASupply Current (LT1018) 


• PowerSupply Monitors 
• Relay Driving 
• Oscillators 


YSI44011 


258.3k@5°C 
333.1k@0°C 


LT1017CS/LT1018CS 


Micropower Dual Comparator 


DESCRIPTI9n 


The LT1017and LT10~~8are general purpose micropower 
comparators. The LT 017 is optimized for lowest operat· 
ing power while the L 1018operates at higher power and 
higher speed. Both de~ices can operate from a single 1.1V 
cell up to 40V.The ou put stage includes a class "B" pull· 
up current source, eli~ inating the need for an external reo 
sistive pull·up and sa ing power. The output stage is also 
designed to allow dr ving loads connected to a supply 
more positive than t~ 
device, as can comparators with 
open collector outputrtages. 


Input specifications 
re also excellent. On·chip trimming 
minimizes offset volt ge, while high gain and common· 
mode rejection ratio 
eep other input·referred errors low. 


Common·mode voltag 
range includes ground. Special cir· 
cuitry prevents false output states even if the input is 
overdriven. 


1mV 
15nA 
70mA 


_ 
120 
i. 


;:- 
100 
~ 
~ 
80 
'-' 
>- 
~ 
60 
~ 
40 


LTl017 
OUTPUTS 
LOW 


Supply Voltage 
40V 
Differential Input Voltage .......................•... 
40V 
Input Voltage 
- 0.3V to 40V 
Short Circuit Duration 
Indefinite 
Operating Temperature Range 
OOCto 70°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec) 
300°C 


ORDER PART 
NUMBER 


LT1017CS 
LT1018CS 


LT1017CS 
LT1018CS 


PARAMETER 
CONDITIONS 
LT1017 
LT1018 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Offset Voltage 
±0.75V:sVs:S ±20V 
25°C 
0.4 
1 
0.4 
1 
mV 
(Note 1) 
• 
0.5 
1.4 
0.5 
1.4 
mV 


Bias Current 
±0.75V:sVs:S ±2OV 
25°C 
5 
15 
15 
75 
nA 
• 
7 
25 
18 
100 
nA 


Offset Current 
±0.75V:sVs:S ±2OV 
25°C 
0.4 
2 
1 
8 
nA 
• 
0.5 
3 
1.6 
12 
nA 


Common-Mode Rejection Ratio 
Vs= ±20V, -20V:sVCM:s19.1V 
25°C 
105 
115 
105 
115 
dB 
• 
100 
115 
100 
115 
dB 


Power Supply Rejection Ratio 
±0.75V:sVs:S ±2OV 
25°C 
96 
110 
96 
110 
dB 
• 
95 
105 
95 
105 
dB 


Gain 
No Load, Vour= ± 19.9V (Note 2) 
25°C 
110 
115 
110 
125 
dB 
• 
105 
115 
105 
120 
dB 
RL=4k, Vour= ±19V 
25°C 
100 
110 
100 
110 
dB 
• 
94 
94 
dB 
Output Sink Current 
V+ =4.5V, V- =0 
25°C 
30 
65 
35 
70 
mA 
Overdrive >30mV 
• 
25 
50 
25 
50 
mA 


Output Source Current 
V+ =4OV, V- =0 
25°C 
30 
75 
75 
250 
,.A 
V1N=5mV, 
Vour=0.4V 
• 
25 
70 
50 
220 
,.A 


Output Source Current 
V+ =1.2V, V- =0 
25°C 
25 
35 
70 
140 
,.A 
V1N=5mV, 
Vour=O.4V 
• 
15 
20 
45 
120 
pA 


LT1017CS/LT1018CS 


ELECTRICAL CHARACTERISTICS 


PARAMETER 
CONDITIONS 
LT1017 
LT1018 
UNITS 
MIN 
TYP 
AX 
MIN 
TYP 
MAX 


Negative Output Saturation 
lour = 0 
V+ =4.5V, V- =0 
25°C 
5 
0 
5 
15 
mV 
=O.lmA 
V1N= -10mV 
25°C 
35 
0 
35 
60 
mV 
=lmA 
25°C 
60 
20 
60 
120 
mV 
=10mA 
25°C 
120 
00 
120 
250 
mV 
=30mA 
25°C 
350 
00 
350 
700 
mV 
lour = 0 
• 
5 
~~ 
8 
20 
mV 
=O.lmA 
• 
40 
35 
70 
mV 
=lmA 
• 
75 1~ 
70 
150 
mV 
=10mA 
• 
150 
150 
300 
mV 
=30mA 
• 
600 
00 
500 
900 
mV 


Positive Output Saturation 
10ur=0 
25°C 
40 
0 
35 
80 
mV 
= 10~A 
25°C 
175 
50 
175 
250 
mV 
=0 
• 
45 
0 
45 
90 
mV 
=10~A 
• 
190 
00 
190 
300 
mV 


Leakage Current 
Vs= 5V, Vour=40V 
25°C 
0.5 
1 
8 
~A 
VIN~100mV 
• 
0.6 
1.8 
10 
~A 
Supply Current 
Vs=5V 
25°C 
30 
0 
110 
250 
~A 
• 
40 
0 
110 
250 
~A 
Vs = 40V 
25°C 
40 
0 
130 
250 
~A 
• 
55 
00 
140 
270 
~A 
Minimum Operating Voltage 
lour = lmA 
25°C 
.15 
1.2 
V 
• 
.15 
1.2 
V 


The. 
denotes specifications 
which appiy over operating temperature 
Note 1: Offset voltage is g aranteed over a common-mode voltage range of 
range of OOCto 70°C. 
V- :sV1N:S(V+-0.9V). 


Note 2: No load gain is gua anteed but not tested (LT1017 only). 


LTC1040 


:::;:: 
lower Comparator 


The LTC1040 is a mO'lithic 
CMOS dual comparator manu- 
factured using Linea~~eChnOIOgy'Senhanced LTCMOSTM 
silicon gate process. ~remely 
low operating power levels 
are achieved by intern~lIy switching the comparator ON kr 
short periods of time. The CMOS output logic holds the out- 
put information 
conti I uously while 
not consuming 
any 
power. 


In addition to switchi 
g power ON, a switched 
output is 
provided to drive external loads during the comparator's 
active time. This allows not only low comparator 
power, 
but low total system 
ower. 


Sampling is controlle 
by an external strobe input or an 
internal oscillator. The oscillator frequency is set by an ex- 
ternal RC network. 


Each comparator has 
unique input structure, 
giving two 
differential 
inputs. 
T~e output of the comparator 
will be 
high if the algebraic s~m of the inputs is positive and low 


__________________ 
.Ii.tt>.,e.a.lg.e.b.ra.ic.s.u.m_ithe Inputs Is negative. 


Window Comparator with Symmetric Window Limits 
TypicallT~1040 
Supply Current 
vs Sampling Frequency 


1000 


~7U1K)LOGY 


• 
Micropower 
1.5p.W (1 Sample/Second) 
• Power Supply Flexibility 
Single Supply +2.8V to + 16V 
Spiit Supply 
± 2.8V to ± 8V 
• 
Guaranteed 
Max. Offset 0.5mV 
• 
Guaranteed 
Max. Tracking Error between Input 
Pairs ±0.1% 
• 
Input Common-Mode 
Range to Both Supply Rails 
• TIL/ 
CMOS Compatible with 
± 5V or Single +5V 
Supply 
• Input Errors are Stable with Time and Temperature 


APPLICATions 


• Battery Powered Systems 
• Remote Sensing 
• Window Comparator 
• BANG-BANG Controllers 


0.01 
0.1 
1 
10 
100 
1.000 
10.000 


SAMPLING 
FREOUENCY. Is (Hz) 


Total Supply Voltage (V+ toV-) 
18V 
Input Voltage 
(V+ +O.3V) to (V- 
- O.3V) 
Operating Temperature Range 
LTC1040C 
. . . . . . . . . . . . . . . . . .. 
- 40°C to 85°C 
LTC1040M . . . . . . . . . . . . . . . . .. 
- 55°C to 125°C 
Storage Temperature Range 
- 55°C to 150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 
Output Short Circuit Duration 
Continuous 


TEMPERATURE 
ORDER 


RANGE 
PART NUMBER 


- 
55°C 
to 125°C 
LTC1 040MJ 


-40°C 
to 85°C 
LTC1040CN 


LTC1040CJ 


SYMBOL 
PARAMETER 
CONOITIONS 
lTC1040M 
IlTC1040C 
UNITS 
MIN 
TYP 
MAX 


Vas 
Offset Voltage 
(Note 
1) 
Split 
Supplies 
± 2.8V to ± 6V 
• 
±03 
±0.5 
mV 


Single 
Supply 
(V - = GND) 
+ 2.8V to 6V 


Split Supplies 
± 6V to ± 8V 
• 
±1 
±3 
mV 
Single 
Supply 
(V - = GND) 
+ 6V to + 15V 


Tracking 
Error 
Split Supplies 
± 2.8V to ± 8V 
• 
005 
0.1 
% 


between 
Input 
Pairs 
Single 
Supplies 
(V - = GND) 
+ 2.8 to + 16V 


(Notes 
1 and 2) 


IB1AS 
Input 
Bias Current 
TA = 25°C, 
DSC = GND 
±0.3 
nA 


R1N 
Average 
Input 
ls= 
1kHz (Note 3) 
• 
20 
30 
MI1 
Resistance 


CMR 
Common-Mode 
Range 
• 
V 
V+ 
V 


PSR 
Power Supply 
Range 
Split 
Supplies 
• 
± 2.8 
±8 
V 


Single 
Supplies 
(V 
=GND) 
• 
+28 
+16 
V 


IS(ON) 
Power Supply 
ON 
V+ = 5V, Vpp On 
• 
1.2 
3 
mA 


Current 
(Note 4) 


IS(OFF) 
Power Supply 
OFF 
V+ = 5V,Vpp Off 
LTC1040C 
• 
0.001 
0.5 
p.A 


Current 
(Nole 4) 
LTC1040M 
• 
0.001 
5 
p.A 


to 
Response 
Time 
TA=25°C 
60 
80 
100 
p.S 


(Note 5) 


A, B, A+ 
Band 
ON 10FF Outputs 
(Note 6) 


VOH 
Logic" 
1" Output 
Voltage 
V+ =4.75V, 
IOUT= -360p.A 
• 


2.4 
4.4 
V 


VOL 
Logic 
"0" 
Output 
Voltage 
V+ =4.75V, 
IOUT= 1.6mA 
• 
0.25 
0.4 
V 


STROBE Input 
(Note 6) 
V1H 
Logic" 
1" 
Input 
Voltage 
V+ = 5.25V 
• 
20 
16 
V 


V1L 
Logic 
"0" 
Input 
Voltage 
V+=4.75V 
1.0 
0.8 
V 


REXT 
External 
Timing 
Resistor 
Tied between 
V + and OSC Pin 
• 
100 
10,000 
kl1 


Resistor 


Is 
Sampling 
Frequency 
TA=25°C, 
REXT=lMIl, 
CEXT=O.lp.F 
5 
Hz 


The. 
denotes the specifications which apply over the full operating 


temperature range. 


Note 1: Applies over input voltage range limit and includes gain 
uncertainty. 


Note 2: Tracking error= (VIN1- 
VIN2)/VIN1. 


Note 3: RIN is guaranteed by design and is not tested. 
RIN = 1I(fS x 33pF). 


Note 4: Average supply cu rent= to x IS(ON) x fS + (1 - to x fS) x 


IS(OFF}. 
Note 5: Response time is s t by an internal oscillator and is independent 
of overdrive voltage. 


Note 6: Inputs and outputs also capable of meeting EIAI JEDECB series 
CMOS specifications. 


Peak Supply Current vs 
Supply Voltage 
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Normalized 
Sampling 
Frequency 
vs Supply Voltage 
and Temperature 


2.2 


\ 
R=lM, 
C=O.lpF 
\ 


\ TA= 125°C 
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TA=25°C \.' 
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SUPPLY VOLTAGE, V + (VI 


Response Time vs Supply 
Voltage 
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Input Resistance 
vs Sampling 
Frequency 
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Sampling 
Rate vs REXT,.cEXT 


103 


• 


Vpp Output Voltage vs load 
Current 
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Response Time vs 
Temperature 
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Quick Hookup Guide 


Self-Oscillating 
External Strobe 


EXTERNAL 


STROBE 


INPUT 


VINW 


V 


+ 


PB 


) 


~ 
OUTPUT 


GND (9) 


':" 
V- 
(10) 


ALL 
INPUTS 
ON OPPOSITE 
COMPARATOR 
AT GROUND 


LTC1040 


charge is shared bleen 
Cs and CIN. The change In 
voltage on Cs becau e of this charge sharing is: 


The LTC1040 uses sampled data techniques 
to achieve 
its unique characteristics. 
Some of the experience 
ac- 
quired using classic linear comparators does not apply to 
this circuit, 
so a brief description 
of internal operation is 
essential to proper application. 


The most obvious difference 
between the LTC1040 and 
other comparators 
is the dual differential input structure. 


Functionally, when the sum of inputs is positive, the com- 
parator output is high and when the sum of the inputs is 
negative, the output is low. This unique input structure is 
achieved with CMOS switches and a precision capacitor 
array. Because of the switching 
nature of the inputs, the 
concept of input current and input impedance needs to be 
examined. 


The equivalent 
input circuit is shown in Figure 1. Here, 


the input is being driven by a resistive source, Rs, with a 
bypass capacitor, Cs . The bypass capacitor mayor 
may 
not be needed. depending 
on the size of the source re- 
sistance and the magnitude of the input voltage, VIN . 


For Rs < 10kn 


Assuming Cs is zero, the input capacitor, CIN, charges to 
VIN with a time constant of Rs CIN. When Rs is too large, 
CIN does not have a chance to fully charge during the 
sampling 
interval ("" 80jlS) and errors will result. 
If Rs 


exceeds 10kn a bypass capacitor is necessary to mini- 
mize errors. 


For Rs greater than 10k{}, CIN cannot fully charge and a 
bypass capacitor, Cs, is needed. When switch S1 closes, 


CI 
AV=VIN 
x 
CIN 
Cs 


This represents an er or and can be made arbitrarily small 
by increasing Cs . 


With the addition of C a second error term caused by the 
finite 
input 
resistan 
e of the LTC1040 
must 
be con- 
sidered. Switches S1 


1 and S2 alternately open and close, 


charging and dischan~ing CIN between VIN and ground. 
The alternate charge 
nd discharge of CIN causes a cur- 
rent to flow into the p sitive input and out of the negative 
input. The magnitud 
of this current is: 


IIN =q xfs 
=VIN OliNfs 


where fs is the sam ling frequellcy. 
Because the input 
current 
is directly 
roportional 
to input 
voltage, 
the 
LTC1040 can be said 
0 have an average input resistance 
of: 
• 
VIN 
1 
RIN=liN 
= 
fs CI 
1 
fs x 33pF 


(see typical curve of R N VS fs). A voltage divider is set up 
between Rs and RIN ausing error. 


The input voltage err Ir caused by these two effects is: 


{IN 
Rs 
\ 
VERROR= VIN \ CI + Cs + Rs + RINt 


Example:fs=10Hz, 
~s=1Mn, 


Cs = 1jlF, VIN = 1V 


( 
33 
10-12 
106) 
VERROR= 1V 
1 x110-6 
+ 106 +3 x 109 


I 


= 33/lV + 330jlV = 363jlV. 


Notice that most of tlile error is caused by RIN. If the 
sampling frequency 
is reduced to 1Hz, the voltage error 
is reduced to 66jlV. 


Minimizing 
Comparison Errors 


The two differential 
input voltages, V1 and V2, are con- 
verted to charge by the input capacitors CIN1 and CIN2 
(see Figure 2). The charge is summed 
at the virtual 
ground point and if the net charge is positive, the com- 
parator output is high and if negative, it is low. There is an 
optimum way to connect these inputs, in a specific appli- 
cation, to minimize error. 


Figure 2. 
Dual Differential Equivalent Input Circuit 


Ignoring internal offset, the LTC1040 will be at its switch- 
ing point when: 


V1 XCIN1 +V2XCIN2=0. 


Optimum 
error will 
be achieved when the differential 
voltages, V1 and V2, are individually minimized. Figure 3 
shows two ways to connect the LTC1040 to compare an 
input voltage, VIN, to a reference voltage, VREF.Using the 
above equation, each method will be at null when: 


(a) (VREF- OV) CIN1- (OV- VIN) CIN2= 0 
or VIN =VREF (CIN1/CIN2) 


(b) (VREF-VIN) 
CIN1- 
(OV-OV) 
CIN2=0 
or VIN= VREF. 


Notice that in method (a) the null point depends on the 
ratio of CIN1/CIN2, but method (b) is independent of this 
ratio. Also, because method (b) has zero differential input 
voltage, 
the errors 
due to finite 
input 
resistance 
are 
negligible. 
The LTC1040 has a high accuracy capacitor 
array and even the non-optimum 
connection 
will only 
result in ± 0.1 % more error worst-case compared to the 
optimum connection. 


Tracking Error 


Tracking error is caused by the ratio error between CIN1 
and CIN2and is expressed as a percentage. For example, 
consider Figure 3(a) with VREF= 1V. Then at null, 


CIN1 
VIN= VREF CIN2= 1V ± 1mV 


because CIN1is guaranteed to equal CIN2to within 0.1 %. 


VREFp- 
V,N 
- 


+ 


Common-Mode 
Range 


The input switches of the LTC1040 are capable of switch- 
ing to either the V+ or V- 
supply. This means that the in- 
put common-mode 
range includes 
both supply 
rails. 


Many applications, 
not feasible with conventional 
com- 
parators. are possible with the LTC1040. 
111 the load cur- 
rent detector shown in Figure 4, a 0.1 rl resistor is used to 
sense the current in the V+ supply. This application re- 
quires 
the dual differential 
input 
and common-mode 
capabilities of the LTC1040. 


Vs -=- 


~ 


Offset Voltage Error 


The errors due to offset, common-mode, 
power supply 
variation, gain and temperature are all included in the off- 
set voltage specification. 
This makes it easy to compute 
the error when using the LTC1040. 


Example: error computation for Figure 4. 
Assume: 2.8V 5,Vs 5, 6V. 
Then total worst -case error is: 


I L(ERROR)=± (100mV x 0.001 + 0.5mV) 
x 106A V = ± 6mA 
t 
t 
m 


Tracking 
Error 
Vos 


I 
0 
6mA 
L(ERROR)Yo= 1A x 100= 
±0.6%. 


Note: 
If 
source 
resistance 
exceeds 
10kn, 
bypass 
capacitors 
should 
be used and the associated 
errors 
must be included. 


Pulsed Power (Vpp) Output 


It is often desirable to use comparators with resistive net- 
works such as bridges. 
Because of the extremely low 
power consumption 
of the LTC1040, 
the power con- 
sumed by these resistive networks can far exceed that of 
the device itself. 


At low sample rates the LTC1040 spends most of its time 
off. To take advantage of this, a pulsed power (Vpp) out- 
put is provided. Vpp is switched to V+ when the com- 
parator is on and to a high impedance (open circuit) when 
the comparator 
is off. The ON time is nominally 80j.ls. 


Figure 5 shows the Vpp output circuit. 


LJ 


1-80"5-1 


COMPARATOR 
ON TIME 


The Vpp output volt ge is not precise (see Vpp Output 
Voltage versus Load Current curve). There are two ways 
Vpp can be used to 
ower external networks without ex- 


cessive errors: (1) r tiometric networks and (2) fast set- 
tling references. 


In a ratiometric netw rk (see Figure 6), the inputs are all 
proportional to VPP. onsequently, for small changes, the 
absolute value of Vp does not affect accuracy. 


It is critical that the inputs to the LTC1040 completely 
settle within 4j.ls of t e start of the comparison cycle and 
that they do not chan e during the 80j.ls ON time. When 
driving resistive netw rks with Vpp, capacitive loading on 
the network should b~minimized 
to meet the 4j.ls settling 
time requirement. 
It is not recommended 
that Vpp be 
used to drive networ 
with source impedances, as seen 
by the inputs, of greJter than 10kn. 


In applications where an absolute reference is required, 
the Vpp output 
can be used to drive a fast settling 
reference. The LT10 9 2.5V reference, ideal in this ap- 
plication, settles in ap roximateiy Lj.lS (see Figure 7). The 
current through R1 rTjust be large enough to supply the 
LT1009 minimum bia current ( "'" 1mA) and the load cur- 
rent, IL. 


• 


Output Logic 


In addition to the normal outputs (AOUTand BouT), two 
additional outputs, A+ B and ON/OFF, are provided (see 
Figure 8 and Table I). All logic is powered from V+ and 
ground, thus input and output logic levels are independ- 
ent of the V- 
supply. The LTC1040 is directly 
com- 
patible 
with 
CMOS logic and is TTL compatible 
for 
4.75V:5V+ 
:55.25V. 
No external pull-up 
resistors are 
required. 


EAINPUTS 
EB INPUTS 
AOUT 
BOUT 
A+B 
ON/OFF 


+ 
+ 
H 
H 
L 
L 


+ 
H 
L 
L 
L 


+ 
L 
H 
L 
H 


L 
L 
H 
I' 


'I = indeterminate. When both A and B outputs are low. the ON/OFF output 
remains in the state it was in prior to entering AOUT= BOUT= L. 


Using External Strobe 


A positive pulse on the strobe input, with the OSC input 
tied to ground, 
will 
initiate a comparison 
cycle. 
The 
STROBEinput is edge-sensitive and pulse widths of 50ns 
will typically trigger the device. 


STROS:J 


Because of the sampling nature of the LTC1040, some 
sensitivity exists between the offset voltage and the fail- 
ing edge of the input strobe. When the falling edge of the 
strobe signal falls within 
the comparator's 
active time 
(80j.ts after rising edge), offset changes of as much as 
2mV can occur. Toeliminate this problem, make sure the 
strobe pulse width is greater than the response time, to. 


Using Internal Strobe 


An internal oscillator allows the LTC1040 to strobe itself. 
The frequency of oscillation, and hence sampling rate, is 
set by an external RC network (see typical curve of fre- 
quency versus REXT, CEXT). 


For self-oscillation, 
the STROBE pin must 
be tied to 
ground. The external RC network is connected as shown 
in Figure 9. 


To assure oscillation, 
REXTmust be between 100k and 
10M. There is no limit to the size of CEXT. 


REXTis very important 
in determining 
the power con- 
sumption. The average voltage at the oscillator pin is ap- 
proximately 
V+ /2. 
The power consumed 
by REXT is 
then: PREXT=(V+ 
/2)2/REXT. 


T 


CEXT 


APPLICATions inFORmATion 


Example: REXT=1M, 
V+ =5V, 
PREXT=(2.5)2/106= 
6.25x10-6W. 


This is about four times the power consumed 
by the 
LTC1040 at V+ = 5V and fs = 1 sample/second. 
Where 


power is a premium 
REXTshould be made as large as 
possible. Note that t e power consumed by REXTis not a 
fu nction of fs or CEX . 
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'HYSTERESIS 
= 5V x 
~ 
= 20mV 
• 


OUT = "0" 
WHEN V,N>VU= 
VTRIPR~2: ~~V) Rl =0.996 
VTRIP+ 20mV 


OUT = "1" 
WHEN V,N< Vl = ~~R: ~i 
=0.996VTRIP 


"TO CENTER HYSTERESIS ABOUT VTRIP fORCE THIS INPUT TO HYSTERESIS/2 
(10mV) 


r----- 
I 
I 


T 
4 
. 
72nf 


The LTC1 040 as a Linear Amplifier 


With a simple RC filter the LTC1 040 can be made to func- 
tion as a linear amplifier. 
By filtering 
the logic output and 
feeding it back to the negative input, the loop forces the 
output duty cycle [tON / (tON+tOFF)] so that VOUTequals 
VIN (Figure 10). 


The RCtime constant is set to keep the ripple on the output 
small. The maximum output ripple is: AV = V+ /fsRC and 
should be set to 0.5mV to 1mV for best results. Notice that 
the higher the sampling frequency, 
fs, the lower RC can 
be. This is important 
because the RC filter also sets the 
loop response. 
A convenient 
way to keep fs as high as 
possible under all conditions is to connect a 100k resistor 
to pin 16 (OSC) with no capacitance to ground. 


TYPICAL APPLICATiOnS 
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tvELLOW 
SPRINGS INSTRUMENT 
PART NO. 44201 


ACCURACY = 
",O.I·C 
+ 
",0.2·C 
= ",0.3·C 
CIRCUIT ERROR 
TRANSOUCER 
AT 2S·C 
ERROR 


v 
IV.+Vl-V2)xVc 
OUT= 
VB 


ACCURACY = ± 10mV NO TRIM 


'VB MUST BE >V.+(V1-V2) 


12V TO 40V 
0·C=4mA 
loo·C=20mA 


• 


'OUT (A ERAGE) =f,N 
VVIN ± 0.1 % FS 
l 
RE' 


J Package 
18 lead 
Hermetic DIP 


0.290-0.320 
0.160 
rc"-'~~'1' 


~.n-.", 


~0.-15. 
+10.203-0.460) 


~ 
0.385*0.025---.j 


(9.779 ± O.53?) 


0.960 
124.384) 


MAX 
'If 
0.220-0.310 
(5.590-7.870) 
~ 


0.200 
00038-000681 


(5.080) 


~ 


~0'015_0'060 
Mf" 


(0.380-1.520) 
---'- 


"'·±4· 
I 


TY:098 Jf- W 
---II-- 
0.014-0.026 


(2 


M 


:) 
~ 
(0.360-0.660) 


(2.540::1:0.254) 


N Package 
18 lead Plastic DIP 


0.900 
-------(22.860) 


MAX 


r 0.300-0.320 1 


1 r(7.620-8.118)11A 
L 


O.OO9-0.015t 
(0.229-0.>81) 


0.325 
~~:~~; 


(8.255~~:~n 


0.065 


(1.651) 


~p- 


0.130±0.005 
C_. 
(3.302±O.12± 
nl~ 


(3.175) 


MI. 


I.- 0.100±0.0~0 L 


(2.540±0.254) 


O.018±O.003 
(0.457±0.076) 


FEATURES 


• Micropower 
1.5/LW (1 Sample/Second) 
• Wide Supply Range 2.8V to 16V 
• High Accuracy 
Guaranteed 
SET POINT Error ±0.5mV 
Max. 


Guaranteed 
Deadband ± 0.1 % of Value Max. 
• Wide Input Voltage Range V+ 
to Ground 
• TIL Outputs with 5V Supply 
• Two Independent 
Ground-Referred 
Control Inputs 
• Small Size 8-Pin MiniDlP 


• Temperature Control (Thermostats) 
• Motor Speed Control 
• Battery Charger 
• Any ON-OFF Control Loop 


LTC1041 


BAN I -BANG Controller 
DESCRIPTIO~ 


The LTC1041 is a monolithic CMOS BANG-BANG controller 
manufactured 
using 
Linear 
Technology's 
enhanced 
LTCMOSTM silicon ga e process. BANG-BANG loops are 
characterized 
by turning the control element fully ON or 
fully OFF to regulate t~e average value of the parameter to 
be controlled. The SET POINT input determines the aver- 
age control value and ~he DELTA input sets the deadband. 
The deadband is alwaYjS2 x DELTAand is centered around 
the SET POINT. Independent control of the SET POINT and 
deadband, 
with no interaction, 
is made possible by the 
unique sampling inpu structure of the LTC1041. 


An external RC conne ted to the OSC pin sets the sam- 
pling rate. At the sta1 of each sample, internal power to 
the analog section is s~itched 
on for"", 80p.S. During this 
time the analog input~ are sampled and compared. 
After 
the comparison 
is c01plete, 
power is switched 
off. This 
achieves extremely 
low average power consumption 
at 
low sampling 
rates. 
MaS logic holds the output con- 
tinuously 
while consu 
ing virtually 
no power. 


To keep system power 
tan absolute minimum, a switched 
power output (Vpp) is provided. 
External loads, such as 
.- 
bridge networks and 
esistive dividers, can be driven by 
~ 
this switched output. 


The output logic sens 
(i.e., ON= V+ ) can be reversed 
(i.e., 
ON= GND) by interchanging 
the VIN and 
SET 
POINT inputs. This ha 
no other effect on the operation of 
the LTC1041. 


Ultra low Power 50°F to 100°F (2.4/LW) Thermostat 


26VAC 2 WIRE 
THERMOSTAT 


ALL RESISTORS 1%. 


tYELLOW 
SPRINGS INSTRUMENT 
CO.• INC. PIN 
44007 


ORIVING THERMISTOR WITH Vpp ELIMINATES 
3.8°F 
ERROR OUE TO SELF·HEATING. 
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400nA 
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~ 
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10000 


SAMPLING 
FREOUENCY. Is (Hz) 


IlTCMOs™ 
is a ,,,demark 
of linear Technology Corporation. 


ABSOLUTE mAXimum 
RATinGS 


Total Supply Voltage (V+ to V-) 
. . . . . . . . . . . . .. 
18V 
InputVoltage 
(V+ +O.3V)to(V- 
-O.3V) 
Operating Temperature Range 
LTC1041C 
-40°Cto85°C 
LTC1041M 
-55°Cto125°C 
Storage Temperature Range 
- 55°C to 150°C 
Lead Temperature (Soldering, 
10sec.) 
300°C 
Output Short Circuit Duration 
Continuous 


ON/ill 
1 


V1N 2 


SET POINT 
3 


GNO 
4 


TEMPERATURE 
RANGE 
ORDER PART 
NUMBER 


- 55°C to 125°C 
-40°C 
to 85°C 
LTC1041 MJ8 
LTC1041CN8 


SYMBOL 
PARAMETER 
CONOITIONS 
LTC1041M/LTC1041C 
UNITS 
MIN 
TYP 
MAX 


SET POINT Error (Note 2) 
v+ =2.8V 
to 6V (Note 1) 
±0.3 
±0.5 
mV 
• 
+ 
+ 
±0.05 
±0.1 
% of DELTA 


V+ = 6V to 15V (Note 1) 
±1 
±3 
mV 
• 
+ 
+ 
±0.05 
±0.1 
% of DELTA 


Deadband Error (Note 3) 
V+=2.8Vt06V 
(Note 1) 
±0.6 
±1 
mV 
• 
+ 
+ 
±01 
±0.2 
% of DELTA 


V+ = 6V to 15V (Note 1) 
±2 
±6 
mV 
• 
+ 
+ 
±0.1 
±0.2 
% of DELTA 


los 
Input Current 
V+ =5V. TA=25°C. 
OSC=GND 
±0.3 
nA 
(V1N.SET POINTand DELTAInputs) 


R1N 
Equivalent Input Resistance 
fs= 1kHz (Note 4) 
• 
10 
15 
M{j 


Input Voltage Range 
• 
GND 
V+ 
V 


PSR 
Power Supply Range 
• 
28 
16 
V 


IS(ON) 
Power Supply ON 
V+=5V,VppON 
• 
1.2 
3 
mA 
Current (Note 5) 


Is(oFF) 
Power Supply OFF 
V + = 5V, VppOFF 
LTC1041C 
• 
0001 
0.5 
J<A 
Current (Note 5) 
LTC1041M 
• 
0.001 
5 
J<A 


to 
Response Time (Note 6) 
V+ =5V 
60 
80 
100 
I"S 
ON/OFF Output (Note 7) 
VOH 
Logical" 
1" Output Voltage 
V + = 4.75V. lOUT= - 360J<A 
• 
2.4 
4.4 
V 
VOL 
Logical "0" 
Output Voltage 
V+=4.75V.loUT=1.6mA 
0.25 
0.4 
V 
REXT 
External Timing Resistor 
Resistor Connected between V + and OSC Pin • 
100 
10.000 
k{j 


fs 
Sampling Frequency 
V+=5V. 
TA=25°C. 
5 
Hz 
REXT=lM CEXT=O.lI"F 


The. 
denotes the specifications which apply over the full operating 
temperature range. The shaded electrical specifications indicate those 
parameters which have been improved or guaranteed test limits provided 
for the first time. 


Note1: 
Applies over input voltage range limit and includes gain 
uncertainty. 


Note 2: SET POINTerror", 
(VU;vL) 
-SET 
POINT 


where Vu = upper band limit and VL= lower band limit. 


Note 3: Deadband error", (Vu - VLl- 
2 x DELTAwhere Vu = upper band 
limit and VL= lower band limit. 


Note 4: R1Nis guaranteed by design and is not tested. 
R1N=1/(fsx 
66pF). 


Note 5: Average supply current=tox 
IS(ON)xfs+(1-toxfs) 
ISIOFF). 


Note 6: Response time is set by an internal oscillator and is independent 
of overdrive voltage. to=Vpp pulse width. 
Note 7: Output also capable of meeting EIA/ JEDECstandard B series 
CMOS drive specifications. 


Normalized 
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vs V + , 
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Response Time vs Supply 
Voltage 
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Response T me vs Temperature 
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Vpp Output Voltage vs Load 
Current 
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RIN vs samlling 
Frequency 


APPLICATions InFoRmATion 


The LTC1041 uses sampled data techniques 
to achieve 
its unique characteristics. 
It consists of two comparators, 


each of which 
has two differential 
inputs 
(Figure 
1). 
When the sum of the voltages on a comparator's 
inputs is 
positive, the output is high and when the sum is negative, 
the output is low. The inputs are interconnected 
such that 
the 
RS 
flip-flop 
is 
reset 
(ON/OFF=GND) 
when 
VIN> (SET POINT+ DELTA) and is set (ON/ OFF = V+ ) 
when VIN< (SET POINT - DELTA). This makes a very 
precise hysteresis loop of 2 x DELTAcentered around the 
SET POINT. See Figure 1(b). 


v+1: 


GND 


(4) 


Roo 


DSC 
(6) 


r 


cm 


For Rs < 10kO 


The dual differential 
input structure 
is made with CMOS 
switches 
and a precision 
capacitor array. Input imped- 
ance characteristics 
of the LTC1041 can be determined 
from the equivalent circuit shown in Figure 2. The input 
capacitance will charge with a time constant of Rs x CIN . 
The ability to fully charge CIN from the signal source dur- 
ing the controller's 
active time is critical in determining 
errors caused by the input charging current. 
For source 
resistances less than 10kO, CIN fully charges and no er- 
ror is caused by the charging current. 


~ 
v+ 


o 
~zo 


r------c';-..., 
~~~: 
I I~~ 
f 
-: 
- 
- - L 
LTC1041 DIFFERENTIALINPUT 
I 
-------_.....1 


Figure 2. 
Equivalent Input Circuit 


SET POINT 


r-DELTA 
+DELTAl 


I 
I 
-DEADBAND- 


I 
I 
I 
I 


For source resistances greater than 10kO, CINcannot fully 
charge, causing voltage errors. Tominimize these errors, an 
input bypass capacitor, Cs, should be used. Charge is 
shared between CINand Cs, causing a small voltage error. 
The magnitude of this error is /}"V== VINx CIN1(CIN+ Cs). 
This error can be made arbitrarily small by increasing Cs. 


The averaging effect of the bypass capacitor, Cs , causes 
another error term. Each time the input switches cycle 
between the plus and minus inputs, CIN is charged and 
discharged. 
The average input current 
due to this is 
IAVG== VIN x CINx fs, 
where 
fs 
is the sampling 
fre- 


quency. Because the input current is directly proportional 
to the differential input voltage, the LTC1041 can be said 
to have an average input resistance of RIN == VIN1IAVG== 
I/(fs 
XCIN). 


Since two comparator 
inputs are connected in parallel, 


RIN is one half of this value (see typical curve of RINver- 
sus fs). This finite input resistance causes an error due to 
the voltage divider between Rs and RIN. 


The input voltage error caused by both of these effects is 
VERROR== VIN [2CIN 1(2CIN + Cs) + Rs/(Rs 
+ RIN)]. 


Example: 
assume 
fs == 10Hz, 
Rs == 1M, 
Cs == 1jlF, 
VIN == 1V, VERROR== 1V(66jlV + 660jlV) 
== 726jlV. 
Notice 
that most of the error is caused by RIN. If the sampling 
frequency 
is reduced to 1Hz, the voltage error from the 
input impedance effects is reduced to 136jlV. 


Input Voltage Range 


The input switches of the LTC1041 are capable of switch- 
ing either to the V+ supply or ground. Consequently, the 
input voltage range includes both supply rails. This is a 
further benefit of the sampling input structure. 


Error Specifications 


The only measurable errors on the LTC1041 are the devi- 
ations from "ideal" 
of the upper and lower switching 
levels [Figure 1(b)]. From a control standpoint, 
the error 


in the SET POINT an 
deadband is critical. These errors 
may be defined in ter 
s of Vu and VL. 


(Vu +VL) 
SET POINT error;;: 
-2- 
-SET 
POINT 


deadband error;;: (ru - VL) - 2 x DELTA 


The specified error Ii 
its (see electrical characteristics) 
include error due to 0 fset, power supply variation, gain, 
time and temperature 


Pulsed Power (Vpp) 0 tput 


It is often desirable to 
se the LTC1041 with resistive net- 
works such as bridge 
and voltage dividers. 
The power 
consumed 
by these r sistive networks 
can far exceed 
that of the LTC1041 it elf. 


At low sample rates th 
LTC1041 spends most of its time 
off. A switched 
powe 
output, Vpp, is provided to drive 
the input network, 
rei ucing its average power as well. 
Vpp is switched to V+ during the controller's 
active time 
("'" 80jls) and to a high impedance (open circuit) when in- 
ternal power is switch 
d off. 


Figure 3 shows the V p output circuit. 
The Vpp output 
voltage is not precise y controlled when driving 
a load 
(see typical curve of Vf.P output voltage versus load cur- 
rent). In spite of this, 
igh precision can be achieved in 
two ways: (1) driving 
atiometric networks and (2) driv- 
ing fast settling references. 


In ratiometric networks (Figure 4) all the inputs are pro- 
portional to VPP. Consequently, the absolute value of Vpp 
does not affect accuracy. 


Figure 4. 
Ratiometric Network Driven by Vpp 


If the best possible performance is needed, the inputs to 
the LTC1041 must completely settle within 
4tts of the 
start of the comparison cycle (Vpp high impedance to V+ 
transition). 
Also, it is critical that the input voltages do not 
change during the BOtts active time. When driving resis- 
tive input networks with Vpp, capacitive loading should 
be minimized to meet the 4tts settling time requirement. 
Further, care should be exercised in layout when driving 
networks 
with 
source 
impedances, 
as seen 
by the 
LTC1041, of greater than 10kO (see For Rs > 10kO). 


In applications where an absolute reference is required, 
the Vpp output 
can be used to drive a fast settling 
reference. The LTC1009 2.5Vreference 
settles in ~2tts 
and is ideal for this application 
(Figure 5). The current 
through R1 must be large enough to supply the LT1009 
minimum bias current ( ~ 1mAl and the load current, IL. 


'\L 
R2 


Internal 
Oscillator 


An internal oscillator allows the LTC1041 to strobe itself. 
The frequency of the oscillation, and hence the sampling 
rate, is set with an external 
RC network 
(see typical 
curve, 
OSC frequency 
versus 
REXT, CEXT). REXT and 
CEXTare connected as shown in Figure 1. Toassure oscil- 
lation, REXTmust be between 1OOkOand 1OMO. There is 
no limit to the size of CEXT. 


At low sampling rates, REXTis very important in deter- 
mining the power consumption. 
REXTconsumes power 
continuously. 
The average voltage at the OSC pin is ap- 
proximately 
V+ /2, 
giving 
a 
power 
dissipation 
of 
PREXT= (V+ /2)2/ 
REXT. 


Example: 
assume 
REXT= 1MO, 
V+ = 5V, 
PREXT= 
(2.5)2/106 
= 6. 25ttW. This is approximately 
four times 
the power consumed 
by the LTC1041 at V+ = 5V and 
fs = 1 sample/ second. Where power is a premium, REXT 
should be made as large as possible. Note that the power 
dissipated by REXTis not a function of fs or CEXT. 


If high sampling rates are needed and power consumption 
is of secondary importance, a convenient way to get the 
maximum possible sampling rate is to make REXT= 100kO 
and CEXT= O.The sampling rate, set by the controller's ac- 
tive time, will nominally be ~ 10kHz. 


To synchronize the sampling of the LTC1041 to an exter- 
nal frequency 
source, the OSC pin can be driven by a 
CMOS gate. A CMOS gate is necessary because the input 
trip points of the oscillator are close to the supply rails and 
TTL does not have enough 
output 
swing. 
Externally 
driven, there will be a delay from the rising edge of the 
OSC input and the start of the sampling cycle of approx- 
imately 5tts. 


lN4002 


24V G 


lA 


115VAl- 
.,.. 
60 Hz 


100kll 


12V 
LEAO-=- 


ACID* 


3k 


SPEED 
DEMAND 


I 


0325~~~~; 


8255 +0 635)-1 


. 
-0381 
I 


J Package 
8 Lead Hermetic 
DIP 


0.005Jr 
(0127) 


MIN 
_~ 
I 
(10.287) 
1~:;;I~D,M~6~ 
RADTYP 
t 


0220-0.310 
(5.588-7.874) 


~ 


~ 


1 
2 
3 
4 
0200 


0.055 
I 
(50801 


{~;&'I ~ 
0.015-0.060 M~ 


nn""'L"' 


0014-0026JJ_ 
J L 
0125 
(0360-0.660) 
J:"i75 


MIN 
0.038-0.068 
0,100:*:0.010 
10.965_17271....•. 1 
~ 
{2.540.0.2541 


N Package 
8 Lead Plastic 


r: 


0400 
(1~1x60)10, 
6lf5l1 


-=:I001O 


(6.350:*:0.254) 
---l 


1 
2 
3 
4 


0.045-0.065 
0130::1::0005 


(1'143_1'~51) 
(3.302:1::0.127) 


0.065 
=1j.020 
iiTsiil- _. 
10.5081 


TYP 
MIN 


0.009-0.015 fJ 
0.125 


(0,229-0.381) 
(3.17S) 


0045:*:0015 tJ 
MIN 
(1.143::*:0381) 


0100:*:0.010 
O.OI8±OJlO3 
12.540.0.2541 
-1~1045"0.0761 


• Micropower 1.5p.W(1Sample/Second) 
• Wide Supply Range- + 2.8Vto + 16V 
• High Accuracy 
Center Error ± 1mV Max 
Width Error ±0.15% Max 
• Wide Input Voltage Range 
V+ to Ground 
• TIL Outputs with 5VSupply 
• Two Independent Ground·Referred Control Inputs 
• Small Size8·Pin MiniDIP 


• Fault Detectors 
• Go/No·GoTesting 
• Microprocessor PowerSupply Monitor 


T ~YELLOW 
SPRINGS INSTRUMENT CO., INC PIN 44007. 


ALL RESISTORS ± 1% UNLESS OTHERWISE SPECIFIEO. 


'OTHER TEMPERATURE BANOS MAY BE SELECTED BY CHOOSING APPROPRIATEVALUES FOR R1 AND R2. 


"HI" =TEMPERATURE 
BETWEEN 
26°F AND 31°F 
±1°F 


"HI" 
=TEMPERATURE 
ABOVE 31°F 
±l°F 


LTC1042 


WTdoW Comparator 


DESCRIPTIO 


The LTC1042 is a mo olithic CMOS window comparator 
manufactured 
using 
Linear 
Technology's 
enhanced 
LTCMOSTMsilicon gate process. Two high impedance 
voltage inputs, CENT Rand WIDTH/2, define the middle 
and width of the comp rison window. Whenever the input 
voltage, VIN, is inside he window the WITHIN WINDOW 
output is high. The 
SOVE WINDOW output is high 
whenever VINis above the window. By interchanging VIN 
and CENTER the A OVE WINDOW output 
becomes 
BELOWWINDOW and s high if VINis below the window. 


Sampling techniques 
rovide high impedance voltage in- 
puts that can common mode to both supply rails (V+ and 
GND). An important f ature of the inputs is their non· 
interaction. 
Also the device is effectively 
"chopper 
stabilized", 
giving it 
xtremely high accuracy over all 
conditions of temperat re, power supply and input voltage 
range. 


Another benefit of the sampling techniques used to de· 
sign the LTC1042 is t~e extremely low power consump- 
tion. When the device i~ strobed, it internally turns on the 
power to the comparat~rs, samples the inputs, stores the 
outputs in CMOS latch s and then turns off power to the 
comparators. This all happens in about 80p.s.Average 
power can be made s~all, almost arbitrarily, by lowering 
the strobe rate. The device can be self·strobed using an 
external RC network 01 strobed externally by driving the 
OSCpin with a CMOSg te. 
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'LTC1D42 
SUPPLY 
CURRENT 
I 
FOR THIS APPLICATION 
fs=lHz 
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PliNG FREOUENCY, Is (Hz) 


Total Supply Voltage (V+ to GND) 
18V 
Input Voltage 
V + + 0.3V to - 0.3V 
Operating 
Temperature 
Range 
LTC1042C 
- 40°C to 85°C 
LTC1042M 
- 55°C to 125°C 
Storage Temperature 
Range 
- 55°C to 150°C 
Lead Temperature 
(Soldering, 
10 sec) 
300°C 
Output Short Circuit 
Duration 
Continuous 


ORDER 
PART NUMBER 


LTC1042MJ8 
LTC1042CN8 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Center Error (Note 2) 
Y+ = 2.8Y to 6Y (Note 1) 
±0.3 
±1 
mY 
• 
+ 
+ 


±0.05 
±0.15 
% WIDTH/2 


Y+ = 6Y to 15Y (Note 1) 
±1 
±3 
mY 
• 
+ 
+ 
±0.05 
±0.15 
% WIDTH/2 


Width Error (Note 3) 
Y+ = 2.8Y to 6Y (Note 1) 
±0.6 
±2 
mY 
• 
+ 
+ 
±0.1 
±0.3 
%WIDTH/2 


Y+ = 6Y to 15Y(Note 1) 
±2 
±6 
mY 
• 
+ 
+ 
±0.1 
±0.3 
% WIDTH/2 


ISlAS 
Input Bias Current 
Y+ =5Y.TA=25°C,OSC=GND 
±0.3 
nA 


Y1N•CENTER and WIDTH/21nputs 


R1N 
Average Input Resistance 
fs= 1kHz (Note 4) 
• 
10 
15 
MO 


Input Yoltage Range 
• 
GND 
Y+ 
Y 


PSR 
Power Supply Range 
• 
2.8 
16 
Y 


ls<oN) 
Power Supply ON 
Y+ =5Y 
• 
1.2 
3 
mA 


Current (Note 5) 


IS<OFF) 
Power Supply OFF 
Y+ = 5Y 
LTC1042C 
• 
0.001 
0.5 
~A 


Current (Note 5) 
LTC1042M 
• 
0.001 
5.0 
~A 


To 
Response Time (Note 6) 
Y+ = 5Y 
80 
100 
~s 
Output Levels 
YOH 
Logic 1 Output 
Y+ =4.75Y, lOUT= -360~A 
• 
2.4 
4.4 
Y 
VOL 
Logical 0 Output 
Y+ =4.75Y, lOUT= 1.6mA 
• 
0.25 
0.45 
Y 


Rm 
External Timing Resistor 
Resistor Connected between Y+ 
• 
100 
10,000 
kO 


and OSC Pin 


Is 
Sampling Frequency 
Y+ =5Y, TA=25°C 
5 
Hz 


Rm = 1MO,Cm = O.l~F 


The. 
denotes the specfications 
which apply over the lull operating 
temperature range. 
Notel: 
Applies over input voltage range limit and includes gain 
uncertainty. 


Note 2: Center error = [(Yu+ YJ/2 - CENTER) (where Yu = upper band limit 
and YL= lower band limit). 


Note 3: Width error = (Yu- YL- 2 x WIDTH(2) (where Yu= upper band limit 
and YL= lower band limit). 


Note 4: R1Nis guaranteed by design and is not tested. R1N= 11(lsx 66pF). 


Note 5: Average supply current = To x IS10N)x Is + (1 - To Is) IS<OFF)' 
Note 6: Response time is set by an internal oscillator and is independent of 
overdrive voltage. To is guaranteed by correlation test and is not directly 
measured. 
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Response 
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Normalized 
Sampling 
Frequency 
vs V + , Temperature 
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Response 
Time vs Temperature 
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TEMPERATURE, 
TA 1°C) 


The LTC1042 uses sampled data techniques 
to achieve its 
unique 
characteristics, 
It consists 
of two comparators, 


each of which has two differential 
inputs (Figure 1), When 
the sum of the voltages 
on a comparator's 
inputs is posi- 
tive, the output is high; when the sum is negative, the out- 
put 
is low, 
The 
inputs 
are interconnected 
such 
that 


Sampling 
Rate vs REXT, CEXT 
.:~I~" 
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SAMPLING 
FREOUENCY, Is (Hz) 


when (CENTER - WIDT 
/2) $ VIN $ (CENTER + WIDTH/2) 
both comparator 
outputs 
are low, In this condition 
VIN is 
within 
the window 
andmhe WITHIN 
WINDOW 
output 
is 
high, When VIN>CENTE 
+ WIDTH/2, VIN is above the win- 


dow and the ABOVE WI 
DOW output is high, 


An important 
feature of the LTC1042 is the non·interaction 
of the inputs. This means the center and width of the win· 
dow can be changed without 
one affecting 
the other. Also 
note that the width of the window 
is set by a ground 
reo 


ferred signal (WIDTH/2). 


Strobing 


An internal 
oscillator 
allows the LTC1042 to strobe itself. 


The frequency 
of oscillation 
sets the sampling 
rate and is 
set with an external 
RC network 
(see typical 
curve, OSC 
frequency 
vs REXT,CEXT).To assure oscillation, 
under all 


conditions, 
REXTmust be between 100kn and 10Mn. There 


is no limit to the size of CEXT. 


A sampling 
cycle is initiated 
on the positive 
going transi· 
tion of the voltage 
on the OSC pin. When this voltage 
is 
near the positive 
supply, 
a Schmitt 
trigger 
trips 
and ini· 
tiates the sampling 
cycle. A sampling 
cycle consists 
of ap· 
plying 
power to both comparators, 
sampling 
the inputs, 
storing 
the results 
in CMOS output 
latches 
and turning 
power off. This whole process takes approximately 
80lls. 
During the 80lls "active" 
time, the LTC1042 draws typically 
1.2mA (IS(ONj)at V + = 5V. Because 
power 
is consumed 
only 
during 
the 
"active" 
time, 
extremely 
low 
average 
power consumption 
can be achieved at low sample rates. 
For example at a sample rate of 1 sample/second 
the aver· 


age power consumption 
is: 


Power = (V+) (IS(AVG))= 5V x 1.2mA x 80lls/1 sec 
=0.48I1W 


WINDOW 
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V,N 
(WINDOW 
3 
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POWER OFF 
1--801'5-1 


At low sampling 
rates, 
REXT dominates 
the power con· 
sumption. 
REXTconsumes 
power continuously. 
The aver· 


age voltage 
at the OSC pin is approximately 
V +/2. The 
power consumed 
by REXTis: 


P(REXT}= (V+ /2)2/REXT 


EXAM PLE: Assume REXT= 1Mn and V + = 5V. Then: 
P(REXT)= (2.5}2/1Mn = 6.2511W 


This is more than ten times the typical 
power consumed 
by the LTC1042 at V + = 5V and 1 sample/second. 
Where 
power 
is a premium, 
REXTshould 
be made as large as 
possible. 
Note that the power dissipated 
by REXTis not a 
function 
of the sampling 
frequency 
or CEXT. 


If high sampling 
rates are needed and power consumption 
is of secondary 
importance, 
a convenient 
way to get the 
maximum 
possible 
sampling 
rate is to make REXT= 100kn 
and CEXT= O. The sampling 
rate, set by the LTC1042's ac· 
tive time, will nominally 
be", 10kHz. 


To synchronize 
the sampling 
of the LTC1042 to an external 
frequency 
source, the OSC pin can be driven by a CMOS 
gate. A CMOS gate is necessary 
because 
the input 
trip 
points 
of the oscillator 
are close to the supply 
rails and 
TTL does not have enough output swing. Externally 
driven, 
there will be a delay from the rising edge of the OSC input 
and the start of the sampling 
cycle of approximately 
511s. 
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INPUT VOLTAGE, V,N 


Input Impedance 


The input impedance of the LTC1042does not look like a 
classic linear comparator. CMOSswitches and a precision 
capacitor array form the dual differential input structure. 
Input impedance characteristics can be determined from 
the equivalent circuit shown in Figure 2. The input capaci· 
tance will charge with a time constant of Rsx CIN.lt is crit- 
ical, in determining errors caused by the input charging 
current, that CINbe fully charged during the "active" time. 


For Rs~ 10kll 


For Rs less than or equal to 10kll, CINfully charges and no 
error is caused by the charging current. 


For Rs> 10kll 


For source resistances greater than 10kll, CINcannot fully 
charge, causing voltage errors. To minimize these errors 
an input bypass capacitor, Cs, should be used. Charge is 
shared between CINand Cs, causing a voltage error. The 
magnitude of this error is dV= VINX CIN/(CIN+ Cs). This 
error can be made arbitrarily small by increasing Cs. 


The averaging effect of the bypass capacitor Cs causes 
another error term. Each time the input switches cycle be- 
tween the plus and minus inputs, CINis charged and dis- 
charged. The average input 
current 
due to this 
is 
IAVG= VINX CINX fs, where fs is the sampling frequency. 
Because the input current is directly proportional to the 
differential input voltage, the LTC1042can be said to have 
an average input resistance of RIN= VINIIAVG= 1/(fsX CIN). 


LTC1042 


Since two comparator tuts are connected in parallel, RIN 
is one half this value (5eetypical curve of RINvs Sampling 
Frequency). This finit~ input resistance causes an error 
due to voltage divider ~etween Rsand RIN. 


The input error caused by both of these effects 
is 
VERROR= VINI2CIN/(2CII+ Cs)+ Rs/(Rs+ RIN)). 


EXAMPLE: Assume fs = 10Hz, Rs= 1Mil, Cs= 1~F and 
VIN= 1V. Then VERRO~= 1V(66~V+ 660~V)= 726~V. If the 
sampling frequency is\ reduced to 1Hz, the voltage error 
from input impedance 
ffects is reduced to 136~V. 


Input Voltage Range 


The input 
switches 
f the LTC1042 are capable 
of 
switching 
either to t e V+ supply or ground. Conse· 
quently, the input volt~ge range includes both supply rails. 
This is a further benefi of the input sampling structure. 


Error Specifications 


The only measurable errors on the LTC1042 are the devia· 
tions from "ideal" Offhe upper and lower window limits 
•• 
[Figure 1(B)). The criti al parameters for a window com· 
~ 
parator are the width 
nd center of the window. These er· 
rors may be expressed in terms of Vu and VL. 


center error = I(Vu+iLl/21- 
CENTER 
width error = (Vu- V )- 2 x (WIDTH/2) 


The specified error Ii 
its (see Electrical Characteristics) 
include error due to 0 fset, power supply variation, gain, 
time and temperature. 
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VCENTER- 
1.235 x (R2 + R3) 
Rl +R2+R3 


WIDTH=2x 
1.235xR3 
R1 +R2+R3 


tYELLOW SPRINGS INST. CO. PIN 44007 


·CHOOSE C, TO FILTER NOISE 


··CHOOSE R" 
RI, R1, R2 ANO R3 TO SET WINOOW 


ALL 
RESISTORS 
±, % UNLESS 
OTHERWISE 
NOTED 


Wind Powered Battery Charger 


A simple wind powered battery charger can be con· 
structed using the new LTC1042, a 12V DC permanent 
magnet motor, and low cost power FETtransistor. 


The DCmotor is used as a generator with the voltage out· 
put being proportional to its RPM.The LTC1042monitors 
the voltage output and provides the following control 
functions. 


1) If generator voltage output is below 13.8V,the control 
circuit is active and the NiCad battery is charging 
through the LM334 current source. The lead acid bat· 
tery is not being charged. 


2) If the generator vol age output is between 13.8V and 
15.1V, the 12V lea 
acid battery is being charged at 
about a 1amp/hour ate (limited by the power FET). 


3) If generator voltage exceeds 15.1V(acondition caused 
by excessive wind speed or 12V battery being fully 
charged) then a fix d load is connected thus limiting 


the generator RPMi: prevent damage. 


This charger can be 
sed as a remote source of power 
where wind energy is 
lentiful such as on sailboats or reo 


mote radio repeater s tes. Unlike solar powered panels, 
this system will function in bad weather and at night. 
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III 


(0.360-0660)-1 
~I 
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0125 
3T75 
MIN 
0.100± 0.010 
---(2540 ± 0.254) 


N8 Package 
8 Lead Plasticr: 


(100410~0)--1 
MAX 


8 
7 
6 
5 r 


0.250±0010 
(6350±0.254) 
-+ 


0.009-0.015 tJ 
(0229-0.381) 


0045 ± 0015 


(1.143±0381) Jj 


0.100 ± 0010 
(2.540 ± 0.254) 


• 
Guaranteed Max Input Offset Voltage 1.0mV 
• 
Guaranteed Max Input Offset Current 5nA 
• 
Guaranteed Max Response Time 250nS 
• 
Guaranteed Min. Voltage Gain 200,000 
• ±30V Differential Input Voltage 
• 
Drives 50mA Loads At Up To 50V. 


• 
112 The Power Dissipation For LT111AILT311A 


• 
General Purpose Comparator 
• 
Zero Crossing Detector 
• 
Voltage To Frequency Converter 


LTlllA/LT311A 
LM 111/LM311 


Vo tage Comparator 


The LT111A is an ilTjproved version of the LM111 gen- 
eral purpose comp-~rator. These new devices offer 
maximum input offset voltage of 1.0mVand input off- 
set current of 5.0nAlwith a maximum response time of 
250ns. The LT111A~peratesfrom a single 5V supply to 
± 15V supplies and can drive up to 50mA loads re- 
ferred to ground or either supply. A separate output 
ground pin allows 
utput signals to be isolated from 
analog ground. 


The versatility of th 
LT111A is enhanced by an input 
stage design which 
1I0wsdifferential input signals of 
up to ±30V. Offset balancing, strobe capability and 
the ability to "OR" I~e output is also included. These 
features plus Line r Technology Corporation's 
ad- 
vanced processing 
nd reliability enhancements make 
the LT111A an ideal hoice for most comparator appli- 
cations. For higher p'erformance requirements, seethe 
LT1011.Foroperation upto 200°C,seeLT111Xdata sheet. 
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DIFFE 
ENTIAL 
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LTlllA/LT311A 
LM 1 1 1/LM31 
1 


ABSOLUTE mAXimum 
RATinGS 
PACKAGE/ORDER InFORmATion 


ORDER PART 
NUMBER 


LT111AH 
LM111H 
LT311AH 
LM311H 


Supply Voltage 
(pin 8 to pin 4) . . . . . . . . . . . . . . . . . . . . . . .. 
36V 
Output to Negative Supply 
(pin 7 to pin 4) 
LT111A1LM111 
50V 
LT311A/LM311 
40V 
Ground to Negative Supply 
(pin 1 to pin 4) . . . . . . . . . . . . . . . . . . . . . . .. 
30V 
Differential Input Voltage. . . . . . . . . . . . . . .. 
±30V 
Voltage at Strobe Pin (pin 6 to pin 8) . . . . . . . . .. 
5V 
Input Voltage (Note 1). . . . . . . . . . . . . . . . . .. 
± 15V 
Output Short Circuit Duration 
10 sec. 
Operating Temperature Range (Note 2) 
LT111A/LM111 
-55°Cto 
125°C 
LT311A/ LM311 . . . . . . . . . . . . . . . . . 0°Cto 70°C 
Storage Temperature Range 
-65°C 
to 150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 
300°C 


TOP VIEW 


GROUNO 
188 v+ 


INPUT 
2 
+ 
7 
OUTPUT 


INPUT 
3 
- 
6 
BALANCE I STROBE 


V - 
4 
5 
BALANCE 


NOTE: PIN 4 CONNECTEO 
TO CASE. 


J8 PACKAGE 
8 PIN CEROIP 


N8 PACKAGE 8 PIN PLASTIC 


LT111AJ8 
LM111J8 
LT311AJ8 
LM311J8 
LT311AN8 
LM311N8 


LTlllA 
LMlll 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input Offset Voltage 
Rs'" 
50k 
0.5 
1.0 
0.7 
3.0 
mV 


(Note 3, 4) 
• 
2.0 
4.0 


los 
Input Offset Current 
2.0 
5.0 
4.0 
10.0 
nA 


(Note 3,4) 
• 
10.0 
20.0 


IB 
Input Bias Current 
60 
100 
60 
100 
nA 
Note 3 
• 
150 
150 


Avo< 
Large Signal Voltage Gain 
Note 7 
200 
500 
40 
200 
V/mV 


Response Time 
NoteS 
200 
250 
200 
nS 


Saturation Voltage 
V,N'" 
-5mV, 
lOOT= SOmA 
0.75 
1.5 
0.75 
1.5 
V 
V + •• 4.5V, 
V- 
= 0 


VIN'" 
-6mV, 
ISINK '" 
8mA 
• 
0.23 
0.4 
0.23 
0.4 
V 


Strobe ON Current 
Note 6 
3.0 
4.0 
3.0 
mA 


Output Leakage Current 
V,N 
•• 
5mV, 
VOOT= 35V 
0.2 
10.0 
0.2 
10.0 
nA 
1STROBE = 3mA 
• 
0.1 
0.5 
0.1 
0.5 
p.A 


Input Voltage Range 
V+ 
= 15V, 
V- = 15V 
• 
-14.5 
{ 
138 
} 
13.0 
-14.5 
{ 
13.8 } 
13.0 
V 
Pin 7 Pull up may go to 5V 
-14.7 
-14.7 


Positive Supply Current 
3.0 
4.0 
5.1 
6.0 
mA 


Negative Supply Current 
1.5 
2.5 
4.1 
5.0 
mA 


Shading 
of a specification 
highlights 
those 
items 
which 
offer 
key 
improvements 
in parametric 
performance 
or guaranteed 
test 
limits 


provided 
for the first 
time. 


LTlllA/LT311A 
LM 1 1 1/LM31 1 


ELECTRICAL CHARACTERISTICS 
VS = ± 15V. TA = 25°C unless olh~rwlse noled. 


LT311A 
Mk 
LM311 
SYMBOL 
PARAMETER 
CONomONS 
MIN 
TYP 
MIN 
TYP 
MAX 
UNITS 


Vos 
InputOffsetVoltage 
Rs" 50k 
0.5 
1.0 
2.0 
7.5 
mV 
(Note3,4) 
• 
2.0 
10 


los 
InputOffsetCurrent 
2.0 
10 
6.0 
50 
nA 
(Note3,4) 
• 
20 
70 


I. 
InputBiasCurrent 
60 
100 
100 
250 
nA 
Note3 
150 
300 


Ava. 
LargeSignalVo~ageGain 
200 
500 
40 
200 
V/mV 


ResponseTime 
Note5 
200 
250 
200 
nS 


SaturationVo~age 
V,N •• 
- 
10mV, lour; 
50mA 
0.75 
1.5 
0.75 
1.5 
V 
V + "'4.5V, 
V-; 
0 
V,N •• 
-10mV, 
ISlNK 
•• 8mA 
• 
0.23 
0.4 
0.23 
0.4 
V 


StrobeONCurrent 
Note6 
3.0 
4.0 
3.0 
mA 


OutputLeakageCurrent 
V,N'" 
10mV, Vour; 
35V 
0.2 
50 
0.2 
50 
nA 
ISTlIDllE; 
3mA 
• 
0.1 
0.5 
/LA 


InputVoltageRange 
• 
-14.5 { 138 } 
13. 
-14.5 
{ 13.8 } 
13.0 
V 
-14.7 
-14.7 


PositiveSupplyCurrent 
3.0 
4·0 
5.1 
7.5 
mA 


NegativeSupplyCurrent 
1.5 
2-:5 
4.1 
5.0 
mA 


The. 
denotes the specifications 
which apply over the fUll operating 
temperature 
range. 


Nole 1: Applicable 
for ± lSV supplies. The positive input voltage limit 
is 30V above the negative supply. The negative input voltage limit is 
the negative supply. 


Nole 2: Ti max. ~ 
1S0°C for the LT111A and 9SoC for the LT311A. 


Note 3: Offset voltage, offset current 
and bias current 
specifications 
apply for any supply voltage from a single SV up to ± lSV supplies. 


I 


Note 4: Offset voltages an~ offset currents 
shown are the maximum 
values required to drive thr output within a volt of either supply with 
a 1mA load. These param~ters 
define an error band and take into 
•• 
account the worst case effFcts of voltage gain and input impedance. 
~ 


Nole 5: Response time is s~ecified for a 100mV input step with SmV 
overdrive 
with the collector 
output terminated 
with a SOOn pUIIUp 
resistor 
tied to SV. 


Nole 6: Do not short the st obe pin to ground. It should be current 
driven at 3 to SmA for the shortest 
strobe time. Currents as low as 
SOOILAwill strobe the LT1 lA if speed is not important. 
External 
leakage on the strobe pin itexcess 
of O.2ILAwhen the strobe is "off" 


can cause offset voltage silts. 


Note 7: 
RL=lkO, 
-10V 
Vours14.SV 


LTlllA/LT311A 
LMlll/LM311 
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TEMPERATURE 
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Increasing Input 
Stage Current 


Increases 
typical 


common mode slew 
ra\etrom7.0v/pS 
to 18V/"S. 


LTlllA/LT311A 
LM 111/LM31 1 


Driving Load Referenced 


To Positive Supply 


OUTPUT 
HIGH 
INSIDE 
"WINDOW" 
ANO LOW 
ABOVE 
HIGH 
LIMIT 
OR 
BELOW 
LOW 
LIMIT 


Driving Load Referenced 


To Negative Supply 


• 
NOTE THAT 
INPUT 
POLARITY 
IS REVERSED 
WHEN 
USING PIN 1 AS 
OUTPUT 


• NOTE THAT 
INPUT 
POLARITY 
IS REVERSEO 
WHEN 
USING PIN 1 AS 
OUTPUT 


FROM 
LAOOER 
NETWORK 


• RESPONSE 
TIME 
INCREASES 
TO ,500nS 
IF INPUT 
MUST 
SLEW 
5V 
TO REACH THRESHOLD. 


85 = 
r100Pf 
KHZI 


LTlllA/LT311A 
LM 111/LM311 


• 1% METAL FILM 


•• 
~ 
TRW TYPE MTR-5/ 
+ 120ppmrC. 


C, ~ 
.015 
~ 
POLYSTYRENE 
-120ppmrC 
± 30ppm 
WESCO TYPE 32-P 


NOTE: COMPARATOR 
CONTRIBUTES", 
10ppm/'C 
ORIFT FOR 
FREOUENCIES 
BELOW 
10kHz. 


• TYPICAL 
INPUT CURR 
NT IS 50pA 
WITH 
INPUTS 
STROB~D 
OFF. 


DO NOT GROUND STR 
BE PIN 


lOM 
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SCHEmATIC DIAGRAm 


BALANCE 
BALANCE STROBE 


H Package 


Metal Can 


J8 Package 


8 Lead Hermetic Dip 


----li ••~"'-----. 


111101 
016S-01~ 
t 
_ll191rell9l~Rt:NCl 


IVM 
om_ol!lO 
lIllO-19M), 


N8 Package 


8 Lead Plastic 


L7UIloLOGY 


• 
Guaranteed max 0.5 mV input offset voltage 
• Input Protection Diodes 
• Operatesfrom single 5V supply 
• 25mA drive capability 
• 
BOnS response time 


• Window detectors 
• High speed one shot 
• RelayIlamp drivers 
• Voltage controlled oscillators 


Voor - 
5.0V for 
VLT< V1N <VUT 
VOOT 
- o for 


VIM 
.::Ei;; VLT or 
VIM 
~ 
Vur 


LTl19A/LT319A 
LMl19/LM319 
Dual Comparator 


DESCRIPTion 


The LT119A is an i~proved version of the LM119 dual 
comparator. It feat~res lower input offset voltage and 
offset current, higher voltage gain, guaranteed com- 
mon moderejectioh, and input protection diodes. 


The LT119A is c~lpable of operation over a supply 
range from 5 Volts to ± 15 Volts and can drive 25mA 
loads from each 
pen collector output. A separate 
ground pin allow 
the LT119A to isolate system 
grounds. 


Linear Technology Corporation's advanced process- 
ing, design tech~iques and reliability 
make the 
LT119A1LT319A ~rideal choice over previous de- 
vices in most comp rator applications. 
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LTl19A/LT319A 
LMl19/LM319 


Supply Voltage. . . . . . . . . . . . . . . . . . . . . . . . .. 
36V 
Output to Negative Supply Voltage. . . . . . . . . .. 
36V 
Ground to Negative Supply Voltage . . . . . . . . .. 
25V 
Ground to Positive Supply Voltage. . . . . . . . . .. 
18V 
Differential Input Voltage 
±5V 
Differential Input Current. . . . . . . . . . . . . . .. 
± 5mA 
Input Voltage (See Note 1) 
Output Short Circuit Duration. . . . . . . . . . . .. 
10 See 
Operating Temperature Range 
LT119A, LM119 
-55°Cto 
125°C 
LT319A, LM319 
O°C to 70°C 
Storage Temperature Range 
-65°C 
to 150°C 
Lead Temperature 
(Soldering, 10 see). . . . . . . . . . . . . . . . . .. 
300°C 


ORDERPART 


TQPVIEW 
NUMBER 


v' 
10 
:':"(9::::' 
LT119AH 
LM119H 


+INPUT 1 
3 
7 GND2 
LT319AH 


-INPUT 
1 
4 
0 
6 OUTPUT 2 
5 
LM319H 
v- 


H PACKAGE 
METAL 
CAN 


""~". 


LT119AJ 
Ne 2 
13NC 
LM119J 
GND 1 3 
12 OUTPUT 1 


+INPUT 
1 -4 
11 v+ 
LT319AN 
-INPUT 1 5 
10 -INPUT 2 


v- 6 
9 
+ INPUT2 
LM319N 


OUTPUT 2 
7 
8 
GND 2 
LT319AJ 


J PACKAGE 
N PACKAGE 
LM319J 


14-PIN 
HERMETIC 
14 PIN PLASTIC 


ELECTRICALCHARACTERISTICS(See note 2) 


LTl19A 
LMl19 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vas 
Input Offset Voltage 
Vs = ± 15V VOM = 0 
0.3 
0.5 
4.0 
mV 


Vas 
Input Offset Voltage 
(See Note 3) 
0.5 
1.0 
0.7 
4.0 
mV 
• 
1.2 
2.0 
7.0 
mV 


CMRR 
Common Mode Rejection Ratio 
106 
dB 


las 
Input Offset Current 
(See Note 3) 
90 
20 
40 
30 
75 
nA 
• 
75 
100 
nA 


IB 
Input Bias Current 
(5ee Note 3) 
150 
500 
150 
500 
nA 
• 
1000 
1000 
nA 


Av 
VoijageGain 
20 
40 
10 
40 
V/mV 


Response Time 
(5eeNote4) 
80 
80 
nS 


VSAT 
Saturation Voltage 
V,N'" 
- 
5mV, 
10= 25mA 
0.75 
1.5 
0.75 
1.5 
V 
V+ 
"'4.5V, 
V- 
= OV 


V,N'" 
-6mV, 
IS1NK '" 
3.2mA 
TA", 
O°C- 
0.23 
0.4 
0.23 
0.4 
V 
TA", 
O°C 
0.6 
0.6 
V 


Output Leakage Current 
V,N'" 
5mV, 
Voor = 35V 
0.2 
2 
0.2 
2 
f.£A 
• 
1 
10 
1 
10 
f.£A 


Input Voijage Range 
Vs = ±15V 
• 
-12 
±13 
+ 12 
-12 
±13 
+12 
V 
V+ = 5V, 
V-= 
0 
• 
1 
3 
1 
3 
V 


Differential Input Voijage 
• 
±5 
±5 
V 


Is 
Supply Current 
V+ = 5V, 
V- = 0 
4.3 
4.3 
mA 


Is 
Positive Supply Current 
Vs = ±15V 
8 
11.5 
8 
11.5 
mA 


Is 
Negative Supply Current 
Vs = ±15V 
3 
4.5 
3 
4.5 
mA 


LTl19A/LT319A 
LM 119/LM319 


ELECTRICALCHARACTERISTICS(See note 2) 


LT319A 
I 
LM319 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
AX 
MIN 
TYP 
MAX 
UNITS 


Vas 
InputOffsetVo~age 
Vs = ± 15V VClo\= 0 
0.3 
0.5 
8.0 
mV 


Vas 
InputOffsetVoltage 
Rs,,;5k 
0.5 
1 
2.0 
8.0 
mV 


(SeeNote3) 
• 
2 
10 
mV 


CMRR 
CommonModeRejectionRatio 
90 
106 
dB 


los 
InputOffsetCurrent 
(SeeNote3) 
30 
40 
80 
200 
nA 
• 
60 
300 
nA 


I. 
InputBiasCurrent 
(SeeNote3) 
150 
500 
250 
1000 
nA 
• 
1000 
1200 
nA 


Av 
VoltageGain 
20 
40 
8 
40 
V/mV 


ResponseTime 
(SeeNote4) 
80 
80 
nS 


VSAT 
SaturationVoltage 
V,N,,; 
-10mV, 
IS1NK = 25mA 
TA= 25°C 
0.75 
15 
0.75 
1.5 
V 
V+ 
;;> 4.5V, 
V- = 0 
V,N,,; 
-10mV, 
IS1NK ., 3.2mA • 
0.3 
0,4 
0.3 
0.4 
V 


Output LeakageCurrent 
V,N;;> 10mV, VOUT= 35V 
0.2 
1P 
0.2 
10 
/LA 


InputVoltageRange 
Vs = ±15V 
• 
±13 
3 


1 
±13 
V 
V+ = 5V, 
V-= 
OV 
• 
1 
1 
3 
V 


DifferentialInputVoltage 
• 
±5 
±5 
V 


Is 
SupplyCurrent 
V+ = 5V. 
V- = OV 
4.3 
4.3 
mA 


Is 
PositiveSupplyCurrent 
Vs = ±15V 
8 
1 .5 
8 
12.5 
mA 


Is 
NegativeSupplyCurrent 
Vs = ±15V 
3 
5, 
3 
5 
mA 


The. 
denotes the specifications 
which apply over the full operating 
Note 2: Unless otherwise 
noted, supply 
voltage 
equals 
± 15V and 
TA = 25°C. The ground pin is grounded. Note that the maximum 
voltage allowed between the ground pin and V+ 
is 18V. Do not tie the 
ground pin to V- 
when the power supply voltage exceeds ±9V. The 
offset voltage, offset curreryt and bias current specifications 
apply for 
all supply voltages between ± 15V and + 5V unless otherwise 
specified. 


Note 3: The offset voltages 
nd currents given are the maximum values 
required to drive the outpu 
within 1 volt of either supply with almA 
load - 
thus, these param ters define an error band and take into 
account the worst case eff Icts of voltage gain and input impedanc~. 


Note 4: Response time spe ified is for a 100mV input step with 5mV 
overdrive. 


The shaded electrical specifications 
indicate those parameters which 
have been improved or guaranteed test limits provided for the first 
time. 


Note 1: For supply voltages less than ± 15V, the maximum input 
voltage is equal to the supply voltage. 
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Output Limiting 
Output Saturation Voltage 
Supply Current 
Characteristics 
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TE 
PERATURE (Oe) 


Hig 
Noise Immunity 60Hz 
Syn Circuit 


I~~~~ 
IN4148 
20k 


(10V 
pp) 


(TYP) 
015"' 


ATeUT 
18pf 


INPUT~100k 
1~kHZ 
0-5V 
MV' 
1405 


1000pf 


Voltage Controlled Crystal Oscillator 


With 100PPM Trim Range 


LT119A/LT319A 
LMl19/LM319 


OUTPUT 


0-1,uS 


(201lS MINIMUM) 


t.J 100op1 


CONVEASION 
TIME 
- 
lOmS 


• 
- 
1% 
CAPACITORS 
ARE POLYSTYRENE-MOUNT 
IN CLOSE 
PROXIMITY 


• 
TRIM 
FOR ZERO VOLTS OUT 
WITH 
ZERO VOLTS 
IN 


t POLYSTYRENE 
CAPACITOR 


LTl19A/LT319A 
LMl19/LM319 


+5V 


3.3k 


TTL 
OUT 
5kHz·2MHz 


.J0.1 


INPUTS 
{: 


TO OTHER 
SIDE 


LT119A 


LTl19AJLT319A 
LMl19JLM319 


-f=-~'" 


on'1 


llMAX 
9JA 
9JC 


LT119AH 
1S0·C 
1S0·C/W 
4S·C/W 
LM119H 


Ll319AH 
8S·C 
1S0·C/W 
4S·C/W 
LM319H 


.* 
F¥....~~$ 
I--~:::::::,-1 
"'" 
o~ 
I J L::;: ::,--H-- 
,::~, 
---~ 
- 
0100·0010 
115olO·02Soll 


ljMAX 
9,. 


LT119AJ 
1SO·C 
100·C/W 


LM119J 
1S0·C 
100·C/W 


LT319AJ 
8S·C 
100·C/W 


LM319J 
8S·C 
100·CIW 


SECTion 7-FILTERS 


• 


INDEX 
. 


PROPRIETARY PROOUCTS 


LTCI059, High Performance Swilched Capacitor Universal Filler 
. 
. 
. 


LTCI059CS, High Performance Swilched Capacitor Universal Filler ........•.......... 
. ......•......•......... 


LTCI060, Universal Dual Filter Building Block 
. 


LTCI 060CS, Universal Dual Filter Building Block . 


LTCI061, High Performance Triple Universal Filter Building Block 
..........•. 


LTCI061 CS, High Performance Triple Universal Filter Building Block 


LTCI062, 51hOrder Low Pass Filter. 


LTCI062CS, 5th Order Low Pass Filter .. 


LTCI064, Low Noise, Fasl, Quad Universal Filter Building Block. 


LTCI064-1, 
Low Noise, 8th Order, ClockSweepable Elliptic Lowpass Filter 
. 


LTCI064-2, Low Noise, High Frequency 81h Order Butterworth Lowpass Filter. 


LTCI064-3, Low Noise, High Frequency 8th Order Linear Phase Lowpass Filter ...........•..•........................•...•. 


LTCI064-4, 
Low Noise, 8th Order, Clock Sweepable Cauer Lowpass Filter 
. 


7-3 


7-11 


7-15 


7-35 


7-39 


7-55 


7-59 


7-71 


7-73 


7-89 


13-15 


13-19 


13-20 


igh Performance 
Switched Capaci 
or Universal Filter 


DESCRIPTIO 


• All Filter Parameters Guaranteed over Temperature 
• Wide Center Frequency Range(0.1Hzto 40kHz) 
• Low Noise Wide Dynamic Range 
• Guaranteed Operation for ± 2.37Vand ± 5VSupply 
• Low Power Consumption 
• Guaranteed Clock to Center Frequency Accuracy of 
0.3% (LTC1059A) 
• Guaranteed Low Offset Voltages over Temperature 
• Very Low Center Frequency and Q Tempco 
• Clock Input T2Lor CMOS Compatible 
• Separate Highpass (or Notch or Allpass), Bandpass, 
Lowpass Outputs 


• Sinewave Oscillators 
• Sweepable Bandpass/Notch Filters 
• Full Audio Frequency Filters 
• Tracking Filters 


50k 
NOTCH OUT 


BP OUT 


• 
14 


7.15k 
13 


VI' 
50k 
12 
DC~200kHz 


l1C1059 


11 


10 
-8V 
':' 


+8V 


The LTC1059 consists of a general purpose, high perfor· 
mance, active filter bu"llding block and an uncommitted op 
amp. The filter bUildi~Fe9block together with an external 
clock and 2 to 5 resist rs can produce various second or- 
der functions which ale available at its three output pins. 
Two out of three alw~ys provide lowpass and bandpass 
functions while the t~rd output pin can produce notch or 
highpass or allpass. 'Ihe center frequency of these func· 
tions can betuned fro 
0.1Hzto 40kHz and it is dependent 
on an external clock 0 an external clock and a resistor ra· 
tio. The filter can han Ie input frequencies up to 100kHz. 
The uncommitted op a p can be used to obtain additional 
allpass and notch fu ctions, for gain adjustment or for 
cascading techniques 


Higher than second orper filter functions can be obtained 
by cascading the LTC.r059with the LTC1060dual univer- 
sal filter or LTC1061triple universal filter. Any classical fil· 
ter realization (such ~s Butterworth, Cauer, Bessel and 
Chebyshev) can be fOrred. 


The LTC1059can be 0 erated with single or dual supplies 
ranging from ± 2.37V 0 ± 8V (or 4.74V to 16V single sup· 
ply) and is pinout com atible with MF5. 


The LTC1059 is man factured by using Linear Technol· 
ogy's enhanced LTCM STMsilicon gate process. 
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Supply Voltage 
18V 
Power Dissipation 
500mW 
Operating Temperature Range 
LTC1059AC, LTC1059C 
-40°C~TA~85°C 
LTC1059AM, LTC1059M 
- 55°C~TA~125°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec) 
300°C 


ORDER PART NUMBER 


LTC1059ACN 
LTC1059ACJ 
LTC1059AMJ 
LTC1059CN 
LTC1059CJ 
LTC1059MJ 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Center Frequency Range, fo 
fox Q s 400kHz, Mode 1 
0.1-40k 
Hz 
fox Qs1.6MHz, 
Mode 1 
0.1-18k 
Hz 
fox Qs250kHz, 
Mode 3, Vs = ± 7.5V 
0.1-20k 
Hz 
foxQs1MHz, 
Mode 3, Vs= ±7.5V 
0.1-16k 
Hz 


Input Frequency Range 
0-200k 
Hz 


Clock to Center Frequency Ratio 
LTC1059A 
Mode 1,50:1, ICLK = 250kHz, Q = 10 
• 
5O±0.3% 


LTC1059 
Mode 1, 50:1, ICLK = 250kHz, Q= 10 
• 
5O±0.8% 


LTC1059A 
Mode 1, 100:1, ICLK = 500kHz, Q = 10 
• 
1OO±0.3% 


LTC1059 
Mode1, 100:1, ICLK=500kHz, 
Q=10 
• 
1oo±0.8% 


QAccuracy 
LTC1059A 
Mode1,50:1 or 100:1, 10=5kHz 
• 
±0.5 
3 
% 


LTC1059 
Q=10 
• 
±0.5 
5 
% 


10Temperature Coefficient 
Mode 1, fCLK<500kHz 
5 
ppm/oC 
Q Temperature Coefficient 
Mode 1,ICLK < 500kHz, Q= 10 
15 
ppmfoC 


DC Offset VOS1 
• 
2 
15 
mV 
Vosz 
fCLK = 250kHz, 50:1, SAiS High 
• 
3 
30 
mV 


Vosz 
ICLK = 500kHz, 100:1, SAiS High 
• 
6 
60 
mV 
VOS2 
fCLK= 250kHz, 50:1, SAiS Low 
• 
2 
20 
mV 
VOS2 
fCLK = 500kHz, 100:1, SAiS Low 
• 
4 
40 
mV 
VOS3 
fCLK = 250kHz, 50:1 
• 
2 
20 
mV 
VOS3 
fCLK = 500kHz, 100:1 
• 
4 
40 
mV 


DC Low Pass Gain Accuracy 
Mode 1, R1= R2=50kO 
• 
±0.1 
2 
% 


BP Gain Accuracy at 10 
Mode 1, Q= 10, 10=5kHz 
±0.1 
% 


Clock Feedthrough 
ICLKS1MHz 
10 
mV 
Max. Clock Frequency 
Mode 1, Q<5, Vs" ±5V 
2 
MHz 


Power Supply Current 
3.5 
5.5 
mA 
• 
7 
mA 


ELECTRICAL CHARACTE RISTICS 
(Complete Filter) Vs = ± 2.37V, TA = 25°C unless otherwise specified 


I 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Center Frequency Range 
fox Qs120kHz, Mode 1,50:1 
0~-12k 
Hz 
fox Qs120kHz, Mode3,5O:1 
o -10k 
Hz 


Input Frequency Range 
6?k 
Hz 


Clock to Center Frequency Ratio 


*08% 


LTC1059A 
Mode 1,50:1, fClK= 250kHz, Q= 10 
• 
5O±0.5% 


LTC1059 
Mode 1, 50:1, fClK=25OkHz, Q= 10 
LTC1059A 
Mode 1, 100:1,fClK = 250kHz, Q= 10 
• 
1 
±0.5% 


LTC1059 
Mode 1, 100:1, fClK=25OkHz, Q= 10 
1?O±0.8% 


QAccuracy 
LTC1059A 
Mode 1, fClK=25OkHz, Q= 10 
±1 
% 


LTC1059 
50:1 and 100:1 
±2 
% 


Max. Clock Frequency 
7 10k 
Hz 
Power Supply Current 
15 
2.5 
mA 


ELECTRICAL CHARACTERISTICS 
(Internal Op Amps) TA = 25°C unl ss otherwise specified 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Voltage Range 
±2.375 
±8 
V 


Voltage Swings 
LTC1059A 
Vs= ±5V,Rl=5k(Pins1, 
14) 
4 
±4.2 
V 
LTC1059 
Rl = 3.5k (Pins 2,13) 
3.8 
±4.2 
V 
LTC1059, LTC1059A 
• 
3.6 
V 


Input Offset Voltage 
• 
1 
15 
mV 
Input Bias Current 
3 
pA 
Output Short Circuit Current 
Vs= ±5V 
40/3 
mA 
Source/Sink 
DC Open Loop Gain 
Vs= ±5V 
80 
dB 


GBW 
Vs= ±5V 
2 
MHz 
Slew Rate 
Vs= ±5V 
7 
V/~s 


The • 
denotes the specifications 
which apply over the full operating 
temperature range. 
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Graph 7. Mode 1:(fClK/fJ 
VS fClK 
andQ 


,-: 0.4 
:7l 
::;; 


~ 
0.2 
zo 


~ 
0 
~ 


Graph 10. Mode 1:(fClKIfJ VS fClK 
andQ 
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Graph 5. Mode 1: Measured Q vs 


fClK and Temperature 
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Graph 8. Mode 1:(fClKIfJvs 
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Graph 11. Mode 1:(fclKIfJ 
VSfClK 
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Graph 6. Mode 1:(fclKIfJ 
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Graph 9. Mode 1:(fClK/fol vs fClK 
and Temperature 
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Graph 12. Mode 1:(fClKlfol vs fClK 
and Temperature 
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Graph 13. Mode 1: (fClKIfJvS 
fClK 
and Temperature 


Vs= 
±2.5V 


0=10 


0.8 
'CLK = 50: 1 
f. 


Graph 14. Mode 1: Notch Depth vs 


Clock Frequency 
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Graph 17. Mode 3 (R2 = R4): a 


Error vs Clock Frequency 
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Graph 18. Mode 3 (R2 = R4): 


Measured a vs fClK and 


Temperature 
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Graph 20. Mode 3 (R2 = R4): 


(fClK/fJ 
vs fClK and a 
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Graph 21. Mode 3 (R2 = R4): 


(fClK/fJ 
vs fClK and Temperature 
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Graph 19. Mode 3 (R2 = R4): 


fClK/fJ 
vs fClK and a 
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Graph 22. Mode 3 (R2 = R4): 


(fCLK/fJ vs fCLK and Temperature 
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Graph 24. Mode 3 (R2 = R4): 


(fCLK/fJvs 
fCLK and Temperature 
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Graph 23. Mode 3 (R2 = R4): 


(fCLK/fJ vs fCLK and Temperature 
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Graph 25. Mode 1c (R5 = 0), 


Mode 2 (R2 = R4) Q Error vs Clock 
Frequency 
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The LTC1059 is compatible with the LTC1060. All the 
supply operation. This becomes apparentthrough the typo 
LTC1059pins are functionally equivalent to the LTC1060 
ical performance characteristics of the part. All the graphs 
pins bearing the same title. For a detailed pin description 
shown in this data sheet have been drawn under the same 
and definition of various modes of operation refer to the 
test conditions as in the LTC1060data sheet; they are also 
LTC1060 data sheet. The LTC1059 is typically "faster" 
numbered in the same order. For a complete discussion of 


.th.a.n.th.e.L.T.C1.0.60.e.s. 
p 
e.C.ia.lly_un.d.er.s.in.g.le.5.v.{0.r.±.2 
•.5.V.l_t.h.e .fil.te.rC.h••a.ra.ct.er.is.ti.'jsee the lTC1060data sheet. 
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FEATURES 
DESCRIPTIO 


• All Filter Parameters Guaranteed over Temperature 
• Wide Center Frequency Range(0.1Hzto 40kHz) 
• Low Noise Wide Dynamic Range 
• Operates from ± 2.5VSupply up to ± 8V 
• Low PowerConsumption 
• Guaranteed Clock to Center Frequency Accuracy 
of 0.8% or Better 
• Guaranteed Low Offset Voltages over Temperature 
• Very Low Center Frequency and Q Tempco 
• Clock Input T2Lor CMOSCompatible 
• Separate Highpass (or Notch or Allpass), Bandpass, 
Lowpass Outputs 


The LTC1059consists 
f a general purpose, high perfor- 
mance, active filter buil ing block and an uncommitted op 
amp. The filter buildin 
block together with an external 
clock and 2 to 5 resisto s can produce various second or- 
der functions which ar~ available at its three output pins. 
Two out of three always provide lowpass and bandpass 
functions while the thi~ output pin can produce notch or 
highpass or allpass. T e center frequency of these func- 
tions can betuned from 0.1Hzto 40kHzand it is dependent 
on an external clock or n external clock and a resistor ra- 
tio. The filter can handlie input frequencies up to 100kHz. 
The uncommitted op a p can be used to obtain additional 
allpass and notch fun tions, for gain adjustment or for 
cascading techniques. 


Higher than second ordEr filter functions can be obtained 
by cascading the LTC1p,59with the LTC1060dual univer- 
sal filter or LTC1061tri~le universal filter. Any classical fil- 
ter realization (such aj Butterworth, Cauer, Bessel and 
Chebyshev)can beformed. 


The LTC1059can be op rated with single or dual supplies 
ranging from ±2.37V 
0 ±8V (or 4.74V to 16V single 
• 
supply). 


The LTC1059 is manuf ctured by using Linear Technol- 
ogy's enhanced LTCMO 
™ silicon gate process. 


LTC1059CS 


igh Performance 
itor Universal Filter 


• Sinewave Oscillators 
• Sweepable Bandpass/Notch Filters 
• Full Audio Frequency Filters 
• Tracking Filters 


TA=25°C 
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Supply Voltage 
18V 
Operating Temperature Range 
- 40°C:5 TA:585°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec) 
300°C 


ORDER PART NUMBER 


LTC1059S 


PART MARKING 


LTC1059S 


ELECTRICAL CHARACTERISTICS 
(Complete FlIte~ Vs = ± 5V,TA = 25°C, T2L clock input level unless otherwise specified. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Center Frequency Range, fo 
fox Qs400kHz, 
Model 
0.1-40k 
Hz 
fo x Q s 1.6MHz, Mode 1 
0.1-18k 
Hz 
foxQs250kHz, 
Mode 3, Vs= ± 7.5V 
O.l-20k 
Hz 
foxQslMHz, 
Mode 3, Vs= ± 7.5V 
0.1-16k 
Hz 


Input Frequency Range 
0-200k 
Hz 


Clock to Center Frequency Ratio 
Mode 1, 50:1, fCLK=250kHz, Q= 10 
• 
5O±0.8% 


(Note 1) 
Model, 
100:1, fCLK=5OOkHz,Q=10 
• 
loo±0.8% 


Q Accuracy (Note 1) 
Mode 1, 50:1 orloo:l, 
fo= 5kHz 
• 
±0.5 
5 
% 


Q=10 


fo Temperature Coefficient 
Mode 1, fCLK<5OOkHz 
5 
ppm/oC 
Q Temperature Coefficient 
Model, 
fCLK<5OOkHz,Q=10 
15 
ppm/oC 


DC Offset VOS1 (Note 2) 
• 
2 
15 
mV 
V0S2 
fCLK= 250kHz, 50:1, SA/8High 
• 
3 
40 
mV 
V0S2 
fCLK= 500kHz, 100:1, SA/8High 
• 
6 
80 
mV 
V0S2 
fCLK= 250kHz, 50:1, SAiSLow 
• 
2 
30 
mV 
V0S2 
fClK= 500kHz, 100:1, SAiSLow 
• 
4 
80 
mV 
VOSJ 
fClK = 250kHz, 50:1 
• 
2 
30 
mV 
VOSJ 
fClK = 500kHz, 100:1 
• 
4 
60 
mV 


DC Low Pass Gain Accuracy 
Mode 1, Rl = R2= 5OkO 
• 
±0.1 
2 
% 
BP Gain Accuracy at fo 
Mode 1,Q= 10, fo=5kHz 
±0.1 
% 


Clock Feedthrough 
fClKS1MHz 
10 
mV 
Max. Clock Frequency 
Mode 1, Q<5, Vs2: ± 5V 
2 
MHz 


Power Supply Current 
3.5 
5.5 
mA 
• 
7 
mA 


Note 1: An LTC1059S with improved Q and clock to center frequency ratio 
accuracy can be made available upon special request. 


Note 2: For definition 
of the DC offset voltages, refer to the LTC1059 data 
sheet. An LTC1059S with improved DC offset specifications 
can be made 
available upon special request. 


LTC1059CS 


ELECTRICAL CHARACTERISTICS 
(Complete 
Filter)Vs= 
±2.37V, 
TA 
1= 25°C unless otherwise specified 


PARAMETER 
CONDITIONS 
MIN 
YP 
MAX 
UNITS 


Center Frequency Range 
fo x Q,,120kHz, 
Mode 1, 50:1 
p.1-12k 
Hz 
fox Q,,120kHz, 
Mode3, 50:1 
P.1-10k 
Hz 


Input Frequency Range 
Ok 
Hz 


Clock to Center Frequency Ratio 
Mode 1, 50:1, fClK = 250kHz, Q= 10 
50±0.8% 


Mode 1, 100:1, fClK = 250kHz, Q = 10 
00±0.8% 


Q Accuracy 
Mode 1, fClK = 250kHz, Q= 10 
± 
% 


50:1 and 100:1 


Max. Clock Frequency 
OOk 
Hz 
Power Supply Current 
.5 
2.5 
mA 


ELECTRICAL CHARACTERISTICS 
(Internal Op Amps) TA = 25°C unle s otherwise specified 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Voltage Range 
± 2.375 
±8 
V 


Voltage Swings 
Vs= ± 5V, Rl = 5k (Pins 1, 14) 
±3.8 
4.2 
V 
Rl = 3.5k (Pins 2,13) 
• 
±3.6 
V 


Input Offset Voltage 
• 
1 
15 
mV 
Input Bias Current 
3 
pA 
Output Short Circuit Current 
Vs= ±5V 
25/3 
mA 
Source/Sink 
DC Open Loop Gain 
Vs= ±5V 
80 
dB 


GBW 
Vs = ± 5V 
2 
MHz 
Slew Rate 
Vs = ± 5V 
7 
V/~s 


The. 
denotes the specifications 
which apply over the full operating 
temperature range . 


.L7~JO~ 
7-13 


FEATURES 


• 
Guaranteed Filter Specification for ± 2.37Vand 
±5V Supply 
• Operates up to 30kHz 
• 
Low Powerand 88dB Dynamic Rangeat ± 2.5VSupply 
• Center Frequency Q Product up to 1.6MHz 
• Guaranteed Offset Voltages 
• Guaranteed Clock to Center Frequency Accuracy over 
Temperature 
0.3% for LTC1060A 
0.8% for LTC1060 
• Guaranteed Q Accuracy over Temperature 
• 
Low Temperature Coefficient of Q and Center 
Frequency 
• 
Low Crosstalk, 70dB 
• Clock Inputs TIL and CMOSCompatible 


APPLICATions 


• Single 5VSupply Medium Frequency Filters 
• Very High Q and High Dynamic RangeBandpass, 


Notch Filters 
• Tracking Filters 
• Telecom Filters 


LTC1060 


U iversal Dual Filter 


I 
Building Block 


DESCRIPTion 


The LTC1060 consists 
f two high performance, switched 
capacitor filters. Each ilter, together with 2 to 5 resistors, 
can produce various 2n 


f 


order filter functions such as low· 
pass, bandpass, highp ss notch and allpass. The center 
frequency of these fun tions can be tuned by an external 
clock, or by an externa clock and resistor ratio. Up to 4th 
order full biquadratic ~ nctions can be achieved by cas· 
cading the two filter bl cks. Any of the classical filter con· 
figurations (like Butte 
orth, Chebyshev, Bessel, Cauer) 
can beformed. 


The LTC1060operates 
ith either a single or dual supply 
from ± 2.37V to ± 8V. When used with low supply (i.e. 
single 5V supply), the filter typically consumes 12mW and 
can operate with cent r frequencies up to 10kHz. With 
± 5V supply, the frequ ncy range extends to 30kHz and 
very high Q values can jlSO beobtained. 


The LTC1060 is man factured by using Linear Tech- 
nology's enhanced LTCMOSTMsilicon gate process. Be· 
cause of this, low offsefs, high dynamic range, high center 
frequency Q product ahd excellent temperature stability 
are obtained. 


The LTC1060is pinout c mpatible with MF10. • 
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Supply Voltage 
18V 
Power Dissipation 
500mW 
Operating Temperature Range 
LTC1060AC, LTC1060C 
-40°C~TA~85°C 
LTC1060AM, LTC1060M 
-55°C~TA~125°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


ORDER PART 
NUMBER 


LTC1060ACJ 
LTC1060MJ 
LTC1060ACN 
LTC1060AMJ 
LTC1060CN 
LTC1060CJ 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Center Frequency Range 
lox Qs4ookHz, 
Mode 1, Figure4 
0.1-20K 
Hz 
(see Applications 
Information) 
loxQs1.6MHz, 
Mode1, Figure 4 
0.1-16K 
Hz 


Clock to Center Frequency Ratio 
LTC1060A 
Mode 1, 50:1, ICLK= 250kHz, Q= 10 
• 
5O±0.3% 


LTC1060 
Mode 1, 50:1, ICLK= 250kHz, Q= 10 
• 
5O±0.8% 


LTC1060A 
Mode 1,100:1, ICLK= 500kHz, Q = 10 
• 
1OO±0.3% 


LTC1060 
Mode 1, 100:1, IcLK=5OOkHz, Q= 10 
• 
1oo±0.8% 


Qaccuracy 
LTC1060A 
Mode 1, 50:1 or100:1, fo=5kHz 
• 
±0.5 
3 
% 
LTC1060 
Q=10 
• 
±0.5 
5 
% 


10Temperature 
Coefficient 
Mode 1, ICLK<500kHz 
-10 
ppm/oC 
Q Temperature 
Coefficient 
Mode 1, ICLK<500kHz, Q= 10 
+20 
ppm/oC 


DC Offset V051 
• 
2 
15 
mV 


VOS2 
ICLK= 250kHz, 50:1, SAiSHigh 
• 
3 
30 
mV 


VOS2 
ICLK= 500kHz, 1OO:1,SAlsHigh 
• 
6 
60 
mV 


VOS2 
ICLK= 250kHz, 50:1, SAiSLow 
• 
2 
20 
mV 


VOS2 
ICLK= 500kHz, 1oo:1,SAls Low 
• 
4 
40 
mV 


V0S3 
fCLK= 250kHz, 50:1, SAiSLow 
• 
2 
20 
mV 


V0S3 
fCLK= 500kHz, 100:1, SAiSLow 
• 
4 
40 
mV 


DC Low Pass Gain Accuracy 
Mode 1, R1 = R2=50k 
±0.1 
2 
% 


BP Gain Accuracy at 10 
Mode 1, Q= 10, 10= 5kHz 
±0.1 
% 


Clock Feedthrough 
ICLKS1MHz 
10 
mV(p·p) 
Max. Clock Frequency 
1.5 
MHz 
Power Supply Current 
3 
5 
8 
mA 
• 
12 
mA 
Crosstalk 
70 
dB 


ELECTRICAL CHARACTERISTICS 
(Complete Filter)Vs= 
±2.37V, TA=2~oC 


PARAMETER 
CONDITIONS 
MIN 
YP 
MAX 
UNITS 


Center Frequency Range 
fo x Q" 100kHz 
.1-10k 
Hz 


Clock to Center Frequency Ratio 


LTC1060A 
Mode 1,50:1, fClK = 250kHz, Q = 10 
• 
50±0.5% 


LTC1060 
Mode 1,50:1, fClK = 250kHz, Q = 10 
0±0.8% 


LTC1060A 
Mode 1, 100:1, fClK = 250kHz, Q= 10 
• 
00±0.5% 


LTC1060 
Mode 1, 100:1, fClK = 250kHz, Q = 10 
00±0.8% 


QAccuracy 


LTC1060A 
Mode 1, fo= 2.5kHz, Q = 10 
± 
% 


LTC1060 
± 
% 


Max Clock Frequency 
00 
kHz 


Power Supply Current 
.5 
4 
mA 


ELECTRICAL CHARACTERISTICS 
(Internal Op Amps) TA = 25°C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Voltage Range 
± 2.37 
±8 
V 
Voltage SWings 


LTC1060A 
4 
4 
V 
LTC1060 
Vs = ± 5V, Rl = 5k (Pins 1,2, 19,20) 
3.8 
4 
V 
LTC1060, LTC1060A 
Rl = 3.5k (Pins 3, 18) 
• 
3.6 
4 
V 
Output Short Circuit Current 
Vs= ±5V 
Source 
25 
mA 
Sink 
3 
mA 
Op Amp GBW Product 
Vs= ±5V 
2 
MHz 


Op Amp Slew Rate 
Vs = ± 5V 
7 
Vips 
Op Amp DC Open Loop Gain 
Rl=10k, 
Vs= ±5V 
85 
dB 


The 
• 
denotes the specifications 
which apply over the full operating 


temperature range. 
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Graph 4. Mode 1: Q Error vs Clock 
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Graph 3. Mode 1: Q Error vs Clock 
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Graph 5. Mode 1: Measured 
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Graph 8. Mode 1: (fCLK"ol vs fCLK 
and Temperature 
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Graph 10. Mode 1: (fClK/fJvS 
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Graph 13. Mode 1: (fClKIfJ 
vs fClK 
and Temperature 
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Graph 16. Mode 3: Q Errorvs Clock 
Frequency 
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Graph 12. Mode 1: (fClKIfJ 
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Graph 15. Mode 3: Deviation of 


(fClKIfJ 
with Respect to Q = 10 
Measurement 


00 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 


'cLKlMHz) 


Graph 17. Mode 3 (R2 = R4): Q 
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Graph 19. Mode 3 (R2 = R4): 
lClK/lJ vs lClK and Q 
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Graph 22. Mode 3 (R2 = R4): 
(lClK/lJ vs lClK and Temperature 
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Graph 23. Mode 3 (R2 = R4): 
(lCLK/lJ vs lClK and Temperature 


VS=±2.5V 
0=10 


0.6 
fCLK= 100'1 
~ 
fa 
. 
§ 
0.4 


'"~ 
0.2 


zo 


~ 
0 
~ 


-04 
o 
0.2 
0.4 
0.6 
0.8 


fClK (MHZ) 


Graph 25. Mode 1c (R5 = 0), 
Mode 2 (R2 = R4) Q Error vs Clock 
Frequency 
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Graph 21. Mode 3 (R2 = R4): 
(lClK/lJ vs lClK and Temperature 
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Graph 24. Mode 3 (R2 = R4): 
(lClK/lJ vs lClK and Temperature 
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Graph 26. Supply Current vs 
Supply Voltage 


18 


16 


4' 
14 
EI 


12 


10 


~ 
=>'" 


o 
±1 
±2 
±3 
±4 
±5 
±6 
±7 
±8 
±9±10±11 


SUPPLYVOLTAGE(±V) 


LTC1060 


Pin DESCRIPTion AnD APPLICATions InFoRmF Tlon 


Power Supplies 
the device. By tying pi 12to 1/2supplies (which should be 


The Vtand Vo(pins 7 and 8)and the VA,Vo(pins 14and 13) 
the AGND potential), 
he LTC1060 operates in the 100:1 
mode. The 1/2supply I ias of pin 12can vary around the 1/2 
are, respectively, the analog and digital positive and nega- 
supply potential with ut affecting the 100:1 filter opera· 
tive supply pins. For most cases, pins 7 and 8 should be 
tion. This is shown in able 1. 


tied together and bypassed by a 0.1JLFdisc ceramic 
When pin 12is shortec to the negative supply pin, the filter 
capacitor. The same holds for pins 14 and 13. If the 
LTC1060 operates in high digital noise environment, the 
operation is stopped 
nd the bandpass and lowpass out· 
supply pins can be bypassed separately. Pins 7 and 8 are 
puts act as a S/H cirCl it holding the last sample. The hold 
internally connected through the IC substrate and should 
step is 20mV and the d oop rate is 150JLV/secondl 
be biased from the same DCsource. Pins 14and 13should 
Table 1 
also be biased from the same DCsource. 
VoltageRange01 Pin12 
The LTC1060is designed to operate with ±2.5V supply (or 
TotalPowerSupply 
lor100:1Operation 


single 5V) and with ± 5V to ±8V supplies. The minimum 
t5V 
2.5V±O.5V 
supply, where the filter operates reliably, is ±2.37V. With 
t10V 
t5V±1V 
low supply operation, the maximum input clock frequency 
t15V 
t 7.5V±1.5V 
is about 500kHz. Beyond this, the device exhibits exces- 
S1A,S18(Pins 5and 16 
sive Q enhancement and center frequency errors. 


Clock Input Pins and Level Shift 
These are voltage si nal input pins and, if used, they 
should be driven with ~ source impedance below 5kU.The 
The level shift (LSh) pin 9 is used to accommodate T2Lor 
S1A,S1B pins can be ~sed to alter the CLK to center fre· 


CMOS clock levels. With dual supplies equal or higher to 
quency ratio (fClK/fo)0 the filter (see Modes 1b, 1c, 2a, 2b) 
±4.5V, pin 9 should be connected to ground (same poten· 
or to feedforward the input signal for allpass filter con- 


tial as the AGND pin). Under these conditions the clock 
figurations (see Mode 4 and 5). When these pins are not 


levels can be T2Lor CMOS. With single supply operation, 
used, they should be ti~d to the AGND pin. 
the negative supply pins and the LSh pin should be tied to 
SAl8(Pin 6) 
the system ground. The AGND, pin 15,should be biased at 
1/2 supplies, as shown in the "Single 5V Gain of 10004th 
When SAiBis high, the S2 input of the filter's voltage sum· 
Order Bandpass Filter" circuit. Again, under these condi· 
mer (see Block Diagra tl) is tied to the lowpass output. This 
tions, the clock levels can be T2L or CMOS. The input 
frees the S1 pin to reI lize various modes of operation for 
clock pins (10,11) share the same level shift pin. The clock 
improved applications flexibility. When the SAiBpin is con· 
logic 
threshold 
level 
over 
temperature 
is 
typically 
nected to the negativ~ supply, the S2 input switches to 
1.5V±0.1V above the LSh pin potential. The duty cycle of 
ground and internally 
ecomes inactive. This improves the 
the input clock should be close to 50%. For clock frequen· 
filter noise performan e and typically lowers the value of 
cies below 1MHz, the (fClK/fo) ratio is independent from 
the offset VOS2. 


the clock input levels and from its rise and fall times. Fast 
rising clock edges, however, improve the filter DC offsets. 
AGND(Pin15) 
For clock frequencies above 1MHz, T2L level clocks are 
This should be conne ted to the system ground for dual 
recommended. 


50/1OO/Hold(Pin 12) 


By tying pin 12 to (vt, Vol, the filter operates in the 50:1 
mode. With ± 5V supplies pin 12can be typically 1Vbelow 
the positive supply without affecting the 50:1operation of 


• 


supply operation. W~en the LTC1060 operates with a 
single positive supply~ the analog ground pin should be 
tied to 1/2supply and bypassed with a 0.1JLFcapacitor, as 
shown in the applicatipn, "Single 5V, Gain of 10004th Or· 
der Bandpass Filter" .1he positive inputs of all the internal 
op amps, as well as t e reference point of all the internal 


APPLICATions InFoRmATion 


switches are connected to the AGND pin. Because of this, 
a "clean" ground is recommended. 


fCLKlloRatio 


The (fClKlfo) reference of 100:1or 50:1 is derived from the 
filter center frequency measured in mode 1, with a Q= 10 
and Vs = ± 5V. The clock frequencies are, respectively, 
500kHz/250kHz for the 100:1/50:1measurement. All the 
curves shown in the Typical Performance Characteristics 
section are normalized to the above references. 


Graphs 1and 2 in the Typical Performance Characteristics 
show the (fClK/fo)variation versus values of ideal Q. The 
LTC1060is a sampled data filter and it only approximates 
continuous time filters. In this data sheet, the LTC1060is 
treated in the frequency domain because this approxima· 
tion is good enough for most filter applications. The 
LTC1060 deviates from its ideal continuous filter model 
when the (fClKlfol ratio decreases and when the Q's are 
low. Since low Q filters are not selective, the frequency 
domain approximation is well justified. In graph 15 the 
LTC1060 is connected in mode 3 and its (fClKlfo) ratio is 
adjusted to 200:1 and 500:1. Under these conditions, the 
filter is over·sampled and the (fClKlfol curves are nearly in- 
dependent of the Q values. In mode 3, the (fClKlfo) ratio 
typically 
deviates from 
the tested 
one in mode 1 
by ±0.1%. 


fo x Q Product Ratio 


This is a figure of merit of general purpose active filter 
building 
blocks. The fox Q product of the LTC1060 
depends on the clock frequency, the power supply volt· 
ages, the junction temperature and the mode of operation. 


At 25°C ambient temperature for ± 5V supplies, and for 
clock frequencies below 1MHz, in mode 1 and its deriva- 
tives, the fox Q product is mainly limited by the desired fo 
and Q accuracy. For instance, from graph 4 at 50:1and for 
fClK below 800kHz a predictable ideal Q of 400 can be 
obtained. Under this condition, a respectable fox Q prod· 
uct of 6.4MHzis achieved. The 16kHzcenter frequency will 
be about 0.22% off from the tested value at 250kHz clock 
(see graph 1).For the same clock frequency of 800kHzand 
for the same Q value of 400,the fox Q product can be fur- 
ther increased if the clock to center frequency ratio is low· 


ered below 50:1. In mode 1c with R5=0 and R6= (Xl, the 
(fClKlfo) ratio is 50/.J2. The fox Q product can now be in- 
creased to 9MHz since, with the same clock frequency and 
same Q value, the filter can handle a center frequency of 
16kHzx.J2. 


For clock frequencies above 1MHz, the fox Q product is 
limited by the clock frequency itself. From graph 4 at 
± 7.5V supply, 50:1, and 1.4MHzclock, a Q of 5 has about 
8% error; the measured 28kHz center frequency was 
skewed by 0.8% with respect to the guaranteed value at 
250kHz clock. Under these conditions, the fox Q product 
is only 140kHz,but the filter can handle higher input signal 
frequencies than the 800kHz clock frequency-very high Q 
case described above. 


Mode 3, Figure 11,and the modes of operation where R4is 
finite, are "slower" than the basic mode 1. This is shown 
in graph 16 and 17. The resistor R4 places the input op 
amp inside the resonant loop. The finite GBW of this op 
amp creates an additional phase shift and enhances the Q 
value at high clock frequencies. Graph 16was drawn with 
a small capacitor, Cc, placed across R4 and as such, at 
Vs= ± 5V, the (1/21l"R4Cc)= 2MHz. With Vs= ± 2.5V the 
(1/21l"R4Cc)should be equal to 104MHz. This allows the Q 
curve to be slightly "flatter" 
over a wider range of clock 
frequencies. If, at ± 5V supply, the clock is below 900kHz 
(or 400kHz for Vs= ± 2.5V), this capacitor, Cc, is not 
needed. 


For graph 25, the clock to center frequency ratios are al· 
tered to 70.7:1and 35.35:1.This is done by using mode 1c 
with R5= 0, Figure 7, or mode 2 with R2= R4= 10kO.The 
mode 1c,where the input op amp is outside the main loop, 
is much faster. Mode 2, however, is more versatile. At 50:1, 
and for TA= 25°C the mode 1c can be tuned for center fre- 
quencies up to 30kHz. 


Output Noise 
The wideband rms noise of the LTC1060 outputs 
is 
nearly independent from the clock frequency provided that 
the clock itself does not become part of the noise. The 
LTC1060noise slightly decreases with ± 2.5Vsupply. The 
noise at the BP and LP outputs increases for high Q's. 
Table 2 shows typical values of wideband rms noise. The 
numbers in parentheses are the noise measurement in 
mode 1 with the SA/Spin shorted to V- 
as shown in 
Figure 25. 


APPLICATions InFoRmATion 


Table 2. Wideband rms Noise 


lClK 
Notch/HP 
BP 
LP 


V. 
'0 
(pVrms) 
(pVrms) 
(pVrms) 
CONDITIONS 


±5V 
50:1 
49(42) 
52(43) 
75(65) 
Mode 1, R1= R2= R3 
±5V 
100:1 
70(55) 
80(58) 
90(88) 
Q=1 
±2.5V 
50:1 
33(31) 
36(32) 
48(43) 


±2.5V 
100:1 
48(40) 
52(40) 
66(55) 


±5V 
50:1 
20(18) 
150(125) 
186(155) 
Mode1,Q=10 
±5V 
100:1 
25(21) 
220(160) 
240(180) 
R1= R3 for BP out 


±2.5V 
50:1 
16(15) 
100(80) 
106 (87) 
R1= R2 for LP out 


±2.5V 
100:1 
20(17) 
150(105) 
150(119) 


±5V 
50:1 
57 
57 
62 
Mode 3, R1= R2= R3= R4 
±5V 
100:1 
72 
72 
80 
Q=1 
±2.5V 
50:1 
40 
40 
42 
±2.5V 
100:1 
50 
50 
53 


±5V 
50:1 
135 
120 
140 
Mode3, R2= R4,Q= 10 
±5V 
100:1 
170 
160 
185 
R3= R1lor BP out 
±2.5V 
50:1 
100 
88 
100 
R4= R1lor LP and HPout 
±2.5V 
100:1 
125 
115 
130 


Short Circuit Currents 


Short circuits 
to ground, positive or negative power supply 
are allowed as long as the power supplies 
do not exceed 
± 5V and the ambient 
temperature 
stays 
below 
85°C. 


Above 
± 5V and at elevated 
temperatures, 
continuous 


short circuits 
to the n~gative power supply will cause ex- 
cessive currents 
to flow. Under these conditions, 
the de· 
vice will get damaged i the short circuit current is allowed 
to exceed 80mA. 
III 


Each building 
block of the LTC1060, together 
with an ex- 


ternal clock and a few resistors, closely approximates 
2nd 
order filter functions. 
These are tabulated 
below in the fre· 
quency domain. 


1. Bandpass function: 
available at the bandpass output 
pins (2, 19), Figure 1. 


swolQ 
G(s) = Hosp 
s2+ (swolQ)+ w02 


Hesp = Gain at w = wo 


fo = wol27f; fo is the center frequency of the complex 
pole pair. At this frequency, the phase shift be· 
tween input and output is -180°. 


Q = Quality factor of the complex pole pair. It is the 
ratio of fo to the - 3dB bandwidth 
of the 2nd or· 
der bandpass function. 
The Q is always mea· 
sured at the filter BP output. 


2. Lowpass function: 
vailable at the LP output pins 
(1,20), Figure 2. 


2 
Wo 


s2 
s(wolQ)+ w~ 


HOlP = DC gain of the LP output. 


3. Highpass function: available only in mode 3 at the out· 
put pins (3,18), Figure 3. 


s2 
G(s)=HOHP 
---- 
s2 + s(wolQ) + w~ 


. 
fCLK 
HOHP=gam of the HPoutput forf-T 


4. Notch function: available at pins 3 (18) for several 
modes of operation. 


G s - H 
(s2+w2n) 
( ) - (ON21 
2 
(~/Q) 
2 
S +SwO' 
+wo 


HON2= gain of the notch output for f- fCt 


HON1= gain of the notch output for f-O 


fn = wn/21i; fn is the frequency of the notch occur· 
rence. 


:> 
HOBP 


~ 
0.707 
HOBP 
~ 


_ 
Hop 


~ 
HOlP 
Z 
0.707 HOlP 
~ 


Il 
fo 
'H 


!(LOG 
SCALE) 


5. Allpass function: available at pins 3(18) for mode 4, 4a. 


G() 
H 
[s2 - s(wolQ) +w~l 
s = 
OAP 
2 
s2 + s(wolQ) + Wo 


fCLK 
HOAP= gain of the all pass output for Od <T 


For all pass functions, the center frequency and the Q of 
the numerator complex zero pair is the same as the 
denominator. Under these conditions, the magnitude reo 
sponse is a straight line. In mode 5, the center frequency 
fz,of the numerator complex zero pair, is different than fo. 
For high numerator Q's, the magnitude response will have 
a notch at fz. 


fc=fox 
(1-~)+ J(1-?ffiY 
+1 


fp=foJl-~ 
fl=fo (~+ (icy +1) 


'H=fo (-k+ 
(ia)2 +1) 


~ 


IGHPASSOUTPUT 


Hop 


[ 
HOHP 


~ 
0.707 
HOHP 


fc 
Ip 


!(LOG 
SCALE) 


Mode 
Pin 2(19) 
Pin 3(18) 
Ic 
Iz 


6a 
LP 
HP 
'CLK 
R2 
--x- 
100(50) 
R3 


6b 
LP 
LP 
fCLK 
R2 
--x- 
100(50) 
R3 


7 
LP 
AP 
fCLK 
R2 
fCLK 
R2 
--x- 
--x- 
100(50) 
R3 
100(50) 
R3 


LTC1060 


mODES OF OPERATion 


Table 4. 
Modes of Operation: 
2nd Order Function 


Mode 
Pln1 (20) 
Pin2(19) 
Pln3(18) 
10 
IN 


LP 
BP 
Notch 
fClK 
10 


100(SO) 


1a 
LP 
BP 
BP 
IClK 


1OO(SO) 


1b 
LP 
BP 
Notch 
IClK 
~ 
IClK 
~ 
100(50) x 
RS+ R6 
100(50) x 
RS+ R6 


1c 
LP 
BP 
Notch 
IClK 
\} 
R6 
IClK 
1+~ 
--x 
100(50) x 
+ RS+ R6 
100(50) 
RS+R6 


2 
LP 
BP 
Notch 
~x~ 
IClK 


100(50) 
R4 
100(50) 


2a 
LP 
BP 
Notch 
fClK 
1+~+~ 
fClK 
1+~ 
--x 
--x 
100(50) 
R4 RS+R6 
100(SO) 
RS+ R6 
2b 
LP 
BP 
Notch 
fClK 
R2 
R6 
fClK 
~ 
--x 
-+-- 
100(50) x 
RS+ R6 
100(50) 
R4 
RS+R6 


3 
LP 
BP 
HP 


f 
ClK 
VfJ 
100(50) x 
R4 


3a 
LP 
BP 
Notch 
fClK 
~ 
fClK 
~ 
100(50) x 
R4 
1OO(SO)x 
R;- 


4 
LP 
BP 
AP 
fClK 


100(50) 


4a 
LP 
BP 
AP 
~x'!J 
100(50) 
R4 
III 


S 
LP 
BP 
C.Z 
fClK 
~ 
~x~ 
--x 
+- 
100(50) 
R4 
100(50) 
R4 


SAlalJl: 


V+ 


Figure 4. Mode 1:2nd Order Filter Providing Notch, Bandpass, 
Lowpass 
F1gu~ 5. Mod. 1.2ndl'OK•• P",.1og 
•• ""p ••••••••••• 


f 
(IClK) 
R2'H 
-R2IR1'H 
- 
R3·RS 
SklJ 
HON1( -O)=HON2 
f-2 
= -AT' 
OLP=R6/(RS+R6)' 
OBP- -AT' 
< 


Figure 6. Mode 1b:2nd Order Filter Providing Notch, Bandpass, 
Lowpass 


Figure 8. Mode 2: 2nd Order Filter Providing Notch, Bandpass, 
Lowpass 


.,.. 


v+ 
f 
IClK 
~, 
R6·f 
-I' 
a_R3 
~,+ 
R6 
. 


0= 
100(50) V'+R5+1l6' 
n- 0, 
-R2V'TR5+R6' 


_ 
- 
1._ IClK) 
__ 
~. 
__ m.. 
_ 
-R2IR1 
. RS 
S 


HON,(I 
O)-HON2~ 
2 
- 
R1,HOBP- 
R1,HOlP-1+R6/(RS+R6)' 
< klJ 


Figure 7. Mode 1c: 2nd Order Filter Providing Notch, Bandpass, 
Lowpass 


Figure 9. Mode 2a: 2nd Order Filter Providing Notch, Bandpass, 
Lowpass 


v- 


I 
'eLK 
.!!£+--.BL·I -~V 
R6 
·o-B.;) 
B<. --.BL 
0= 
100(50) 
R4 
R5+R6' 
n-,00(5O) 
R5+R6' 
- R2 
R4 +R5+R6 


H 
(1-0)- 
R2 ( 
R6/(R5+R61 
). 
H 
/.1 
ICLK\_ -R2/Rl 


ON' 
- -fIT 
(R2/R4)+[R6/(R5+R6)) 
, 
ON2,- 
2/- 


HOBP= -R3/Rl; 
HOLP= (R2IR4)~rR2t/~~5+R6)) 


Figure 1O. Mode 2b: 2nd Order Filler Providing Notch, Bandpass, 


Lowpass 


Figure 11. Mode 3: 2nd Or er Filter Providing Highpass, 


Bandpass, 
Lowpass 


lo~ 
l~t~)~; 
In= 
1~~~)J:f; 
HOHP= -R2IR1; 
HOBP~ -R3/Rl'~OLP= 
-R 
IRI 


HON,(I-O)=*X~; 
HON2~- 
'CiKl 
= ~ x*; HON(I=lo)=O 
(~HOLP-~ 
HOHP);0= ~V* 


Figure 12. Mode 3a: 2nd Order Filler Providing Highpass, I 


Bandpass, 
Lowpass, Notch 


SA/B~: 
V+ 


t.~ 1~l\l);a~M; 
HOAP=-*; HOLP=-2 
HOBl'=-2 
(~) 


Figure 13. Mode 4: 2nd Order Filter Providing Allpass, Bandpass, 
Lowpass 


_ 
'CLK 
rR2. 
ICLK r;rn. 
R3 r;:R2 
1·-,OO(5C)V' +114' I,~ l00(5C)V'-1l4' 
a~1f2V' +114 


az=-MR; 
Hoz(l-O)~ IR:;~i!:;:l;HOl (1- 
IC}K) ~*; 


R3 (, 
R2). 
~ 
HOBl'=R2 \' +Rj 
,Hoc,= 1+(R2IR4) 


Figure 15. Mode 5: 2nd Order Filter Providing Numerator Complex 
Zeros, Bandpass, Lowpass 


SAIBrp 
15 


v·- 


Figure 14. Mode 4a: 2nd Order Filter Providing Highpass, 
Bandpass, Lowpass, Allpass 


SA/B 
UJ 
1_5 
! 
HOLP=2x~ 


V- 
'ClK R2. 
_ 
'ClK R2 
'ClK 
'p~100(50)ll3' "-100(501 R3 
. GAIN AT AP OUTPUT = 1 FOR O.,I"---r 


Figure 18.Mode 7:1st 
rder Filter Providing Allpass, Lowpass 


There are basically three modes of operation: mode 1, 
mode 2, mode 3.ln the mode 1, Figure 4, the input amplifi- 
er is outside the resonant loop. Because of this, mode 1 
and its derivatives (mode 1a, 1b, 1c)are faster than modes 
2 and 3. In mode 1,for instance, the a errors are becoming 
noticeable above 1MHzclock frequency. 


Mode 1a,(Figure 5),represents the most simple hook-up of 
the LTC1060.Mode 1a is useful when voltage gain at the 
bandpass output is required. The bandpass voltage gain, 
however, is equal to the value of a; if this is acceptable, a 
second 
order, clock 
tunable, 
BP resonator 
can be 
achieved with only 2 resistors. The filter center frequency 
directly depends on the external clock frequency. For high 
order filters, mode 1a is not practical since it may require 
several clock 
frequencies 
to tune the overall filter 
response. 


Mode 1, Figure 4, provides a clock tunable notch; the 
depth is shown in graph 14. Mode 1 is a practical con- 
figuration for second order clock tunable bandpass/notch 
filters. In mode 1,a bandpass output with a very high a, to- 
gether with unity gain, can be obtained without creating 
problems with the dynamics of the remaining notch and 
lowpass outputs. 


Modes 1b and 1c, Figures 6,7 are similar. They both pro- 
duce a notch with a frequency which is always equal to 
the filter building block center frequency. The notch and 
the center frequency, however, can be adjusted with an ex- 
ternal resistor ratio. 


500~ fCLK~ 100 (or 50) ; mode 1b 
1 
fo 
1 
\ 
1 


100 
or50 
~fCLK~ 100 
or~ 
. mode 1c 
1 
1 
fo.J2 
.J2' 


The input impedance f the 51 pin is clock dependent, and 
in general R5should ~ot be larger than 5k. Mode 1b can be 
used to increase theJlock 
to center frequency ratio be- 


yond 100:1.For this mode, a practical limit for the (fCLK/fo) 
ratio is 500:1. Beyond this, the filter will exhibit large out- 
put offsets. Mode 1c s the fastest mode of operation: In 
the 50:1mode and wit 
(R5= 0, R6= 00) the clock to center 


frequency ratio beco es (50/.J2) and center frequencies 
beyond 20kHz can ea ily be achieved as shown in graph 
25. Figure 19,illustrat s how to cascade the two sections 
of the LTC1060conn cted in mode 1c to obtain a sharp 
fourth order, 1dB rippl , BPChebyshev filter. Note that the 
center frequency to 
he BW ratio for this fourth order 
bandpass filter is 20/ . By varying the clock frequency U> 
sweep the filter, the center frequency of the overall filter 
will increase proportipnally and, so will the BW to main- 
tain the 20:1 ratio cor,stant. All the modes of operation 
yield constant a's; wiJh any filter realization the BW's will 
vary when the filter is swept. This is shown in Figure 19, 
where the BP filter i swept from 1kHz to 20kHz center 
frequency. 


III 


Modes 2, 2a, and 2b have a notch output which frequency, 
fn, can be tuned independently from the center frequency, 
fo. For all cases, however, fn<fo. These modes are useful 
when cascading second order functions to create an over- 


commEnTS on THEmODES OF OPERATion 


all elliptic highpass, bandpass or notch response. The in- 
put amplifier and its feedback resistors (R2/R4)are now 
part of the resonant loop. Because of this, mode 2 and its 
derivatives are slower than mode 1'so 


OdB 


-5dB 


VOUT 
-IOdB 


-15dB 
R12 


-20dB 


-25dB 


O.9kHz 
1kHz 
1.1kHz 


OdB 


-5dB 


-10dB 


-l5dB 


-20dB 


-25dB 


18kHz 
19kHz 
20kHz 
21kHz 
22kHz 


PRECISE RESISTOR VALUES 
Rtl=149.21k 
R12=45.14k 


R21 ~4.99k 
R22~5.001k 
R31 =14912k 
R32=142.64k 
R51 ~2.55k 
R5~2.49k 
R61 =2.49k 
R62=4.29k 


Figure 19. Cascading 
the 2 sections 
of the LTC1060 connected 
in mode 1c to obtain a clock tunable 4th order 
1dB ripple bandpass 
Chebyshev filter with (center frequency) 
1(Ripple Bw) = 20/1. 


In mode 3, Figure 11, a single resistor ratio (R2/R4)can 
tune the center frequency below or above the fCLK/100(or 
fCLK/50)ratio. Mode 3 is a state variable configuration 
since it provides a highpass, bandpass, lowpass output 
through progressive integration; notches are obtained by 
summing the highpass and lowpass outputs (mode 3a, 
Figure 12). The notch frequency can be tuned below or 
above the center frequency through the resistor ratio (Rh/ 
RI).Because of this, modes 3 and 3a are the most versatile 
and useful modes for cascading second order sections to 
obtai~ high order elliptic filters. Figure 20, shows the 2 
sections of an LTC1060connected in mode 3a to obtain a 
clock tunable 4th order sharp elliptic bandpass filter. The 
first notch is created by summing directly the HP and LP 
outputs of the first section into the inverting input of the 
second section op amp. The individual Q's are 29.6and the 
filter maintains its shape and performance up to 20kHz 
center frequency, Figure 21. For this circuit an external op 
amp is required to obtain the 2nd notch. The dynamics of 


Figure 20are excellent because the amplitude response at 
each output pin does not exceed OdB. The gain in the 
passband depends on the ratio of (Rg/Rh2)x (R22/Rh1)x 
(R211R11).Any gain value can beobtained by acting on the 
(Rg/Rh2) ratio of the external op amp, meanwhile the 
remaining ratios are adjusted for optimum dynamics of 
the LTC1060output nodes. The external op amp of Figure 
20 is not always required. In Figure 22, one section of the 
LTC1060in mode 3a is cascaded with the other section in 
mode 2b to obtain a 4th order, 1dB ripple, elliptic bandre- 
ject filter. This configuration is interesting because a 4th 
order function with two different notches is realized with- 
out requiring an external op amp. The clock to center fre- 
quency ratio is adjusted to 200:1;this is done in order to 
better approximate a linear R,Cnotch filter. The amplitude 
response of the filter is shown in Figure 23 with up to 
1MHz clock frequency. The OdB bandwidth to the stop 
bandwidth ratio is 9/1.When the filter is centered at 1kHz, 
it should theoretically have a 44dB rejection with a 50Hz 


stop bandwidth. For a more narrow filter than the above, 
the unused BP output of the mode 2b section, Figure 22, 
has a gain exceeding unity which limits the dynamic range 
of the overall filter. For very selective bandpass/bandre· 


ject filters, the mod 3a approach as in Figure 20, yields 
better dynamic rang since the external op amp helps to 
optimize the dyna 
ics of the output 
nodes of the 
LTC1060. 


lPA 


2 
8PA 


3 


HPA 
4 
tNVA 
5 
S1A 


-7.5V 
':" 
6SAlB 


7 VA+ 


8 Vo+ 


9 un 


':" 
10 
CLKA 


T'L OR CMOS 
CLOCK IN 


RESISTOR VALUES 


Rll~155.93k 
R21=5k 
R31=152k 
R41=5.27k 


Rh,=13.2k 
RI,=10.74k 
R22~5.26k 
R32~151.Bk 
R42=5k 
RI,=6.11k 
Rh,=5k 
Rg=37.3k 


NOTE: 
FOR CLOCK FREOUENCIES ABOVE 700kHz A 12pF CAPACITOR ACROSS R41 AN 
A 20pF 


CAPACITOR ACROSS R42 WERE USEO TO PREVENT THE PASSBAND RIPPLE FR MANY 
ADDITIONAL PEAKING 


Figure 20. Combining mode 3 with mode 3a to make the 4th order BP filter of 
igure 21 with improved 
dynamics. The gain at each output nodeis :$ OdBforall input frequencies. 
III 


OdB 
OdB 


'CLK=lMHz 


-10dB 
-10dB 


-20dB 
- 20dB 


-30dB 
-30dB 


-4Od8 
-40dB 


-5OdB 
-50dB 


1.5kHz 
1.75kHz 
2kHz 
2.25kHz 
25kHz 
15kHz 
17.5kHz 
20kHz 
22.5kHz 
25kHz 


LTC1060 


RESISTOR VALUES 


Rl1=60k 
R21=5k 
R31=54.75k 


R41=28.84k 
Rhl=5k 
R'l=19.3k 


R52=5k 
R62=1.59k 
R22=60k 
R32 =455J5k 
R42= S03.85k 


Figure22. Combining mode3 with mode2b to create a 4th order 
BR elliptic filter with 1dB ripple and a ratio of OdB to stop 
bandwidth equalto 911. 


iC -20 
~z 
>1; 
~ -30 


-60 
OJ 
0.8 
0.9 
10= 1.0 
1.1 
1.2 
1.3 


INPUT FREQUENCY 
NORMALIZED 
TO FILTER CENTER FREQUENCY 


Switched capacitor integrators generally exhibit higher 
input offsets than discrete R,Cintegrators. 


These offsets are mainly due to the charge injection of the 
CMOS switches into the integrating capacitors and they 
are temperature independent. The internal op amp offsets 
also add to the overall offset budget and they are typically 
a couple of millivolts. 


Because of this, the DCoutput offsets of switched capac· 
itor filters are usually higher than the offsets of discrete 
active filters. 


Figure 24 shows half of an LTC1060filter building block 
with its equivalent input offsets VOS1, VOS2, VOS3. All three 
are 100% tested for both sides of the LTC1060. VOS2 is 
generally the larger offset. When the SAfB,pin 6, of the 
LTC 1060 is shorted to the negative supply (Le., mode 3), 
the value of the VOS2 decreases. Additionally, with SAfB 
low, a 20%-30% noise reduction is observed. Mode 1 can 
still be achieved, if desired, by shorting the S1 pin to the 
lowpass output, Figure 25. 


Figure 24. Equivalent Input Offsets of 1/2LTC1060Filter Building 
Block 


The DC offset at the filter bandpass output is always equal 
to VOS3.The DC offsets 
at the remaining 
two outputs 
(Notch and LP) depend on the mode of operation and ex· 


Figure 25. Mode 1(LN): ame Operation as Mode 1 but Lower 


VOS2 Offset and Lower N ise 


especially 
when the filter handles input signals with large 
dynamic range. As a r Ie of thumb, the output DC offsets 
increase when: 
1. The Q's decrease 
2 The ratio (fCLKlfo) increases beyond 100'1 This is 
.. 


ternal resistor ratios. Table 5 illustrates 
this. 
done by decreas ng either the (A2!A4) or the A6! 


It is important to know the value of the DC output offsets, 
(A5 + A6) resistor ratios. 


TableS 


vosN 
VOSBP 
VOSLP 
Mode 
Pin 3(18) 
Pin 2(19) 
Pin1 (20) 


1,4 
Vos,[(1I0)+ 
1 + IHoLpl]- 
Vos3/0 
VOS3 
VosN - Vos2 


1a 
Vos,[l +(1/0)] - VOS3/0 
VOS3 
VosN - Vos2 


1b 
Vos,[(1I0)+ 
1 + R2IR1]- 
VoS3/0 
VOS3 
-(VOSN - Vos~ (1 + RS/R6) 


1c 
Vos,[(1I0) + 1 + R2IR1]- 
VoS3/0 
VOS3 
(V 
V 
~ (RS+ R6) 
- 
OSN- 
os 
(RS + 2R6) 


2, S 
[Vos,(l + R2/R1 + R2/R3+ 
R2IR4) - V0S3(R2IR3)] x 
VOS3 
VOSN- Vos2 


x [R4/(R2 + R4)] + Vos2[R2I(R2 + R4)] 


2a 
[Vos,(l + R2IR1 + R2/R3+ 
R2IR4) - VoS3(R2IR3)] x 
VOS3 
(V 
V 
~ (RS+ R6) 


x D 
R4(1 + k) d 
+ V 
D 
R2 
~ 
'k - 
R6 
- 
OSN- 
os 
(RS + 2R6) 


R2+ R4(1 + k) 
OS2 
R2+ R4(1 + k) 
,- 
RS+ R6 


2b 
[Vosl(l + R2IR1 + R2IR3 + R2IR4) - VoS3(R2IR3)] x 


x G 
R4k j 
+ V t 
R2 j 'k- 
R6 
VOS3 
-(VosN - Vos~(l 
+ RS/R6) 


R2+ R4k 
OS2 
R2+ R4k 
,- 
RS+ R6 


3,4a 
Vos2 
VOS3 
~ 
R4 
R4 
R4J 
~R4) 
Vos, 
1+-+-+- 
-VOS2 
- 
R1 
R2 
R3 
R2 


-V0S3 
(~) 


.J...7~ 
7-33 


- 


PACKAGE DESCRIPTion 
Dimensions 
in inches 
(millimeters) 
unless 
otherwise 
noted. 


J Package 
20 Lead CEROIP 


-f 


0.220-0310 
(5.588-7874) 


J 


1.060----"1 
(26.924) 
MAX 


-J 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


0160 
~ 
0290-0320 
(4064) 
0005 
r(7 366 - 8 128)-I/ 
GLASS 
MAX 
i0127i 
I[ 
~ 001:~~A:6:~! 
~MIN 
~OO 


(0381-1 
524) 
(5080) 


+ 
~ 


L 
(::~-::::(-I-t ,1 _~I_(:~:(• tl(:~::::~(~(:~~:::~-) 
~-t 


(3.175) 
MAX 
o 385±0 
025 
MIN 
_ 
0.014-0.026 


(9 779±0 
635) 
(0.356-0.660) 


0.300-0.320 
l 
(7.620-8.128) 1- 
A 


II 


0.009-0.015 


- 
-(0.229-0.381) 


0325 
~~~~; 


18255 
+0.635) 
~ . 
-0.381 


TJMAX 
8JA 


150'C 
70'CNI 


N Package 
20 Lead Molded 01P 


-t 


0.250±0.01O 
(6350±0.254) 


-~ 


0.130±0.005 
(3 302±0 
127) 
(1651) 


.Q..Q1QL 
-.1 


(0508)! 
-~ 
MIN 
-t 
t 


t (:~;: 
1_U~It(~ 
~:;=~~~;)_I 
I 
0 100±0 
010 
MIN 
r--- (2 540±0 
254) 


0065±0015 
0018±0003 
(1651 ±O 381)- 
(0.457±0.076) 
N'O'" 


I 


TJMAX 


100'C 


8JA 


100'CNI 


• Operates from ± 2.5Vsupply up to ±8V 
• Operates up to 30kHz 
• 
Low Power and 88dB Dynamic Range at ±2.5VSupply 
• Center Frequency Q Product up to 1.6MHz 
• Guaranteed Offset Voltages 
• Guaranteed Clock to Center Frequency Accuracy over 
Temperature, 0.8% or Better 
• Guaranteed Q Accuracy over Temperature 
• Low Temperature Coefficient of Q and Center 
Frequency 
• Low Crosstalk, 70dB 
• Clock Inputs TIL and CMOSCompatible 


• Single 5VSupply Medium Frequency Filters 
• Very High Q and High Dynamic Range Bandpass, 
Notch Filters 
• Tracking Filters 
• Telecom Filters 


LTC1060CS 


I niversal Dual Filter 
Building Block 


The LTC1060consist 
of two high performance, switched 
capacitor filters. Eac~ filter, together with 2 to 5 resistors, 
can produce various 3nd order filter functions such as low· 
pass, bandpass, higHpass notch and allpass. The center 
frequency of these fujnctions can be tuned by an external 
clock, or by an exter~al clock and resistor ratio. Up to 4th 
order full biquadratio functions can be achieved by cas- 
cading the two filter ~IOCkS.Any of the classical filter con- 
figurations (like Butt rworth, Chebyshev, Bessel, Cauer) 
can be formed. 


The LTC1060operates with either a single or dual supply 
from ± 2.37V to ± 8Y. When used with low supply (I.e., 
single 5V supply), the filter typically consumes 12mW and 
can operate with ce ter frequencies up to 10kHz. With 
± 5V supply, the freguency range extends to 30kHz and 
very high Q values cap also be obtained. 


The LTC1060 is mJnufactured 
by using Linear Tech- 
nology's enhanced ijTCMOSTMsilicon gate process. Be- 
cause of this, low off~ets, high dynamic range, high center 
frequency Q produc and excellent temperature stability 
are obtained. 
DI 


70 


60 


50 


40 


'"~ 
z~ 


-10 


o 
100 
125 
150 
175 
200 
225 
250 
27 


INPUT FREQUENCY (Hz) 


..L7~ 
7-35 


Supply Voltage 
18V 
Operating Temperature Range 
- 40oC~TA~85°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


ORDER PART 
NUMBER 


PART MARKING 


LTC1060S 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Center Frequency Ran"ge 
10x 0" 400kHz, Mode 1 
0.1-20k 
Hz 
lox 0,,1.6MHz, 
Mode 1 
0.1-16k 
Hz 


Clock to Center Frequency Ratio 
Mode 1,50:1, IClK = 250kHz, 0 = 10 
• 
5O±0.8% 


(Note 1) 
Mode 1,100:1, IClK= 500kHz, 0 = 10 
• 
1OO±0.8% 


o Accuracy (Note 1) 
Mode 1,50:1 or 100:1,10 = 5kHz 
0=10 
• 
±0.5 
5 
% 


10Temperature Coefficient 
Mode 1, IClK < 500kHz 
-10 
ppm/oC 
o Temperature Coefficient 
Mode 1, IClK<5OOkHz, 0 = 10 
+20 
ppm/oC 


DC Ollset VOS1(Note 2) 
• 
2 
15 
mV 
VOS2 
IClK = 250kHz, 50:1, sAiB High 
• 
3 
40 
mV 
VOS2 
IClK = 500kHz, 100:1, sAiB High 
• 
6 
80 
mV 
VOS2 
IClK = 250kHz, 50:1, sAiBLow 
• 
2 
30 
mV 
VOS2 
IClK = 500kHz, 100:1, sAiB Low 
• 
4 
80 
mV 
V0S3 
IClK = 250kHz, 50:1, sAiBLow 
• 
2 
30 
mV 
V0S3 
IClK = 500kHz, 100:1, SAiBLow 
• 
4 
80 
mV 


DC Low Pass Gain Accuracy 
Mode 1, R1= R2= 50k 
±0.1 
2 
% 
BP Gain Accuracy at 10 
Mode 1, 0= 10, fo=5kHz 
±0.1 
% 


Clock Feedthrough 
fClK,,1MHz 
10 
mV(p·p) 
MaK. Clock Frequency 
1.5 
MHz 
Power Supply Current 
3 
5 
8 
mA 
• 
12 
mA 
Crosstalk 
70 
dB 


Note 1: An LTC1060S with improved 0 and clock to center Irequency ratio 
accuracy can be made available upon special request. 


Note 2: For definition 01the DC offset voltages reler to the LTC1060 data 
sheet. An LTC1060S with improved DC offset specifications 
can be made 
avail~"ble upon special request. 


CONDITIONS 


foxQs1ookHz 


Mode 1,50:1,fClK= 250kHz,Q= 10 
Mode 1, 100:1,fClK=25OkHz, Q= 10 


TYP 
0.1-10k 


5O±0.8% 
1OO±0.8% 


PARAMETER 


Center Frequency Range 


Clock to Center Frequency Ratio 


UNITS 


Hz 


Mode 1,fo= 2.5kHz,Q= 10 
50:1and 100:1 


Max Clock Frequency 
Power Supply Current 


PARAMETER 


Supply Voltage Range 
Voltage SWings 


MI 
TYP 
MAX 
UNITS 


±2.31 
±8 
V 
±3.8 
±4 
V 
• 
±3.6 
±4 
V 


25 
mA 
3 
mA 


2 
MHz 
7 
V/~s 


85 
dB 


Output Short Circuit Current 
Source 
Sink 
Op Amp GBW Product 
Vs= ± 5V 
Op Amp Slew Rate 
Vs= ± 5V 
Op Amp DCOpen Loop Gain 
Rl = 10k,Vs= ± 5V 


The. 
denotes the specifications which apply over the full operating tem- 


perature range. 


Vs= ±5V,Rl=5k(Pins1,2, 
19,20) 
Rl =3.5k(Pins3, 
18) 
Vs= ±5V 


• Upto 6th Order Filter Functions with a Single 20 Pin 
0.3" Wide Package 
• Center Frequency Rangeup to 35kHz 
• fox Q Product Upto 1MHz 
• Guaranteed Center Frequency and QAccuracy Over 
Temperature 
• Guaranteed Low Offset Voltages OverTemperature 
• 90dB Signal to Noise Ratio 
• Filter Operates From Single 4.7VSupply and Upto 
± 8V Supplies 
• Guaranteed Filter Specifications with ± 5VSupply and 
± 2.37VSupply 
• Low PowerConsumption with Single 5VSupply 
• Clock Inputs T2Land CMOSCompatible 


• High Order,Wide Frequency RangeBandpass, 
Lowpass, Notch Filters 
• Low PowerConsumption, Single 5V Supply Clock 
Tunable Filters 
• Tracking Filters 
• Antialiasing Filters 


23.7k 


49.9k 


4.99k 


165k 


5.49k 
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Your 


LTC1061 


High P rformance 
Triple 
Universal FIter Building Block 
DESCRIPTIO~ 


The LTC1061consists df three high performance, univer· 
sal filter building blocks. Each filter building block to- 
gether with an external block and 2 to 5 resistors can pro- 
duce various second o~derfunctions which are available 
at its three output pins Two out of three always provide 
lowpass and bandpas~ functions while the third output 
pin can produce highP9ss or notch or allpass. The center 
frequency of these fu~ctions can be tuned with an ex- 
ternal clock or an external clock and a resistor ratio. For 
Q<5, the center frequ ncy ranges from 0.1Hz to 35kHz. 
For Q's of 10 or above, the center frequency ranges from 
0.1Hzto 28kHz. 


The LTC1061 can be 
sed with single or dual supplies 
ranging from ± 2.37V t 


f 


± 8V (or 4.74V to 16V).When the 
filter operates with sup lies of ± 5V and above, it can han- 
dle input frequencies u to 100kHz. 


The LTC1061is compjtible 
with the LTC1059single uni- 
versal filter and the L.IIC1060dual. Higher than 6th order 
functions can be obtained by cascading the LTC1061with 
the LTC1059 or LTC1060.Any classical filter realization 
can be obtained. 


The LTC1061 is manu actured by using Linear Technol- 
ogy's enhanced LTCM STMsilicon gate process. 
III 


z 
~ -40 
::: 
u: 


10 I 
20 
30 
40 
INPUT FREQUENCY 
(kHz) 


Supply Voltage 
18V 
Power Dissipation 
500mW 
Operating Temperature Range 
LTC1061AC, LTC1061C 
-40°C:sTA:s85°C 
LTC1061AM, LTC1061M 
- 55°C:sTA:S 125°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec) 
300°C 


LTC1061AMJ, LTC1061MJ 
LTC1061ACJ, LTC1061CJ 
LTC1061ACN, LTC1061CN 


(ALSO AVAILABLE IN 
SO PACKAGE) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Center Frequency Range, 10 
10x Qs175kHz, 
Mode 1,Vs= ± 7.5V 
0.1-35k 
Hz 
lox Qs1.6MHz, 
Mode 1, Vs= ± 7.5V 
0.1-25k 
Hz 
10x Qs75kHz, 
Mode 3, Vs= ± 7.5V 
0.1-25k 
Hz 
10x Qs1MHz, 
Mode 3, Vs= ± 7.5V 
OJ-17k 
Hz 
(Note 1) 


Input Frequency Range 
0-200k 
Hz 


Clock to Center Frequency Ratio, 
IClKlfo 


LTC1061A 
Sides A, B: Mode 1, R1 = R3= 50kll 
• 
5O±0.6% 


LTC1061 
R2 = 5kll, Q = 10, IClK = 250kHz 
• 
5O± 1.2% 


Pin 7 High. 
Side C: Mode 3, R1= R3= 50k 
R2 = R4= 5k, IClK= 250kHz 
LTC1061A 
Same as Above, Pin 7 at 
• 
100±0.6% 


LTC1061 
Mid-Supplies, IClK= 500kHz 
• 
100± 1.2% 


Clock to Center Frequency Ratio, 
Side to Side Matching 
LTC1061 
1.2% 


QAccuracy 
LTC1061A 
Sides A, B, Mode 1 
• 
±2 
5 
% 


LTC1061 
Side C, Mode 3 
• 
±3 
5 
% 


lox Qs50kHz, 
los5kHz 


foTemperature Coefficient 
Mode 1, 50:1, IClK<300kHz 
±1 
ppm/oC 


Q Temperature Coefficient 
Mode1, 100:1, IClK<500kHz 
±5 
ppm/oC 


Mode 3, IClK< 500kHz 
±5 
ppm/oC 


LTC1061 


ELECTRICAL 
CHARACTERISTICS 


(Complete 
Filter) Vs = ± 5V, TA= 25°C, T2L clock input level, unless otherwise 
specified 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DC Offset Voltage 
VOS1, Figure 23 
• 
2 
15 
mV 


VOS2 
fCLK= 250kHz, 50:1 
• 
3 
30 
mV 


VOS2 
fCLK= 500kHz, 100:1 
• 
6 
60 
mV 


VOS3 
fCLK= 250kHz, 50:1 
• 
3 
20 
mV 


VOS3 
fCLK= 500kHz, 100:1 
• 
6 
40 
mV 


Clock Feedthrough 
fCLK<1MHz 
0.4 
mVRMS 


Max. Clock Frequency 
Mode 1, Q<5, Vs~ ± 5V 
25 
MHz 


Power Supply Current 
6 
8 
11 
mA 
• 
15 
mA 


ELECTRICAL 
CHARACTERISTICS 
(Complete Filter)Vs= 
±2.37V,T 
= 25°C unless otherwise 
specified 


PARAMETER 
CONDITIONS 
MIN 
T P 
MAX 
UNITS 


Center Frequency Range, fo 
fox Q:s120kHz, Mode 1, 50:1 
o 1-12k 
Hz 
fox Q:s 120kHz, Mode 3, 50:1 
o 1-10k 
Hz 


Input Frequency Range 
o 20k 
Hz 


Clock to Center Frequency Ratio 
50:1, fCLK= 250kHz, Q = 10 
LTC1061A 
Sides A, B: Mode 1 
• 
50±0.6% 


LTC1061 
Side C: Mode 3 
5 ±1% 


LTC1061A 
100: 1, fCLK= 250kHz, Q = 10 
1 0±0.6% 


LTC1061 
Sides A, B: Mode 1 
10±1% 


Side C: Mode 3 


QAccuracy 


LTC1061A 
Same as Above 
±2 
% 


LTC1061 
±3 
% 


Max. Clock Frequency 
7 Ok 
Hz 


Power Supply Current 
45 
6 
mA 


ELECTRICAL 
CHARACTERISTICS 
(Internal 
Op Amps) TA = 25°C un ess otherwise 
specified 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Voltage Range 
±2.37 
±9 
V 


Voltage SWings 
LTC1061A 
Vs = ± 5V, RL= 5k (Pins 1,2,13,14,19,20) 
4 
±4.2 
V 
LTC1061 
RL= 3.5k (Pins 3,12,18) 
3.8 
±4.2 
V 
LTC1061, LTC1061A 
• 
3.6 
V 


Output Short Circuit Current 
Source/Sink 
Vs= ±5V 
40/3 
mA 


DC Open Loop Gain 
Vs= ±5V, RL=5k 
80 
dB 


GBW Product 
Vs= ±5V 
3 
MHz 


Slew Rate 
Vs = ± 5V 
7 
V/~s 


The. 
denotes the specifications 
which apply over the full operating 
temperature range. 
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Graph 1. Mode 1, Mode 3 
(fCLKlfol Deviation vs Q 
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Graph 2. Mode 1, Mode 3 
(fCLKlfol Deviation vs Q 
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Graph 3. Mode 3: Deviation of 
(fCLKlfolwith Respect to Q = 10 
Measurement 
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Power Supplies 
(Pins 10, 15) 


They should 
be bypassed 
with 0.1JLFdisc ceramic. 
Low 
noise, non-switching, 
power supplies 
are recommended. 
The device operates with a single 5V supply, Figure 1, and 
with 
dual 
supplies. 
The absolute 
maximum 
operating 
power supply voltage is ± 9V. 


Clock and Level Shift (Pins 8, 9) 


When the LTC1061 operates 
with symmetrical 
dual sup- 
plies the level shift Pin 9 should be tied to analog ground. 


24 


21 


~ 
18 


I 


TA=-SSOy 
L1 
T,A=~5·C 
YJ 
V 
/X 
/ //' 
TA~125·C 


/ /.V 
~/ 
III 
o 
a 
±1 
±2 
±3 
±4 
±5 
±6 
±7 
±8 
±9 
±10 


POWER SUPPLY VOLTAGE (V) 


For single 5V supply 0 eration the level shift pin should be 
tied to Pin 15 which will be the system ground. The typical 
logic threshold 
levels ~f the clock pin are as follows: 
1.65V 
above the level shift pin for ± 5V supply operation, 
1.75V 
for ± 7.5V and above, and 1.4V for single 5V supply opera- 
tion. The logic threshold 
levels vary ± 100mV over the full 
military 
temperature 
range. The recommended 
duty cycle 
of the input clock is 50% although 
for clock frequencies 
below 500kHz the clock "on" time can be as low as 300ns. 
The maximum 
clock 
frequency 
for 
± 5V supplies 
and 
above is 2.4MHz. 


81A, 81B (Pins 5, 16) 


These are voltage input pins. If used, they should bedriven 
with a source impedance below 5kO.When they are not 
used, they should betied to the analog ground Pin 6. 


AGND(Pin 6) 


When the LTC1061 operates with dual supplies, Pin 6 
should be tied to system ground. When the LTC1061oper- 
ates with a single positive supply, the analog ground pin 
should be tied to 1/2supply, Figure 1.The positive input of 
all the internal op amps, as well as the common reference 
of all the internal switches, are internally tied to the ana- 
log ground pin. Because of this, a "clean" 
ground is 
recommended. 


50/1OO/Hold(Pin n 


By tying Pin 7 to V+, the filter operates with a clock to cen 
ter frequency internally set at 50:1. When Pin 7 is at mid· 
supplies, the filter operates with a 100:1 clock to center 
frequency ratio. Table 1 shows the allowable variation of 
the potential at Pin 7 when the 100:1 mode is sought. 


O.lpFT 
TZL CLOCK 
IN 
fClK<1MHz 


When Pin 7 is shorted to the negative supply pin, the filter 
operation is stopped and the bandpass and lowpass out· 
put act as a sample and hold circuit holding the last sam· 
pie of the input voltage. The hold step is around 2mV and 
the droop rate is 150/tV/sec. 


Voltage Range of Pin 7 
Total Power Supply 
lor 100:1 Operation 


5V 
2.5V ±O.5V 


10V 
5V± 1V 


15V 
7.5V± 1.5V 


Clock Feedthrough 


This is defined as the amplitude of the clock frequency ap- 
pearing at the output pins of the device, Figure 2. Clock 
feedthrough is measured with all three sides of the 
LTC1061 connected as filters. The clock feedthrough 
mainly depends on the magnitude of the power supplies 
and it is independent from the input clock levels, clock fre· 
quency and modes of operation. 


CINT 


V,N 


Figure 1. The 6th order LP Butterworth 
Filler 01 Figure 5 
Operating 
with a Single 5V Supply. 


Figure 2. Typical Clock Feedthrough 
of the LTC1061 
Operating with ± 5V Supplies. Top Trace is the Input Clock 
Swinging 0-5V and Bottom Trace is One of the Lowpass 
Outputs with Zero or DC Input Signals. 


Description 
and Applications 


1. Primary Modes: There are two basic modes of operation, 
Mode 1 and Mode 3. In Mode 1, the ratio of the external 
clock frequency to the center frequency of each 2nd order 
section is internally 
fixed at 50:1 or 100:1. In Mode 3, this 
ratio can be adjusted 
above or below 50:1 or 100:1. The 
side C of the LTC1061 can be connected 
only in Mode 3. 


Figure 3 illustrates 
Mode 1 providing 2nd order notch, low- 


pass, and bandpass outputs 
(for definition 
of filter func- 


Figure 3. Mode 1: 2nd Order Filter Providing 
Notch, Bandpass, 
Lowpass. 


Table 2 illustrates 
th 
typical clock feedthrough 
numbers 
for various power sup lies. 


Power Supply 


±2.5V 


±5V 


±8V 


Clock Feedlhrough 


O.2mVRMS 
O.4mVRMS 


O.8mVRMS 


tions refer to the LTC1060 datasheet). Mode 1 can be used 
to make high order B~tterworth 
lowpass filters; it can also 
be used to make 10 
Q notches 
and for cascading 
2nd 
order bandpass 
func ions tuned at the same center fre- 
quency and with unit 
gain. Mode 3, Figure 4, is the classi- 
cal 
state 
variable 
Iconfiguration 
providing 
highpass, III 
bandpass 
and 
lowpkss 
second 
order 
filter 
functions. 


Cc 


r---- 
---1~------, 


R4 


NOTEj AOD Cc FOR Q > 5 


AND fCLK> lMHz 
SUCH AS 
Cc" 
., 6/(R4 
x 1.2MHz) 


Figure 4. Mode 3: 2nd Order Filter Providing 
Highpass, 


Bandpass, 
Lowpa 
s. 


.L7UU~ 


mODES OF OPERATion 
Since the input amplifier is within the resonant loop, its 
phase shift affects the high frequency operation of the fil- 
ter and therefore, Mode 3 is slower than Mode 1. Mode 3 
can be used to make high order all-pole bandpass, low- 
pass,highpass and notch filters. Mode3 as well as Mode 1 
is a straightforward mode to use and the filter's dynamics 
can easily be optimized. Figure 5 illustrates a 6th order 
lowpass Butterworth filter operating with up to 40kHzcut· 
off frequency and with up to 200kHz input frequency. 
Sides A, B are connected in Mode 1 while side C is con· 
nected in Mode 3. The lower 0 section was placed in side 
C, Mode 3, to eliminate any early 0 enhancement. This 
could happen when the clock approaches 2MHz.The mea· 
sured frequency response is shown in Figure 6. The at· 
tenuation floor is limited by the crosstalk between the 
three different sections operating with a clock frequency 
above 
1MHz. The 
measured 
wideband 
noise 
was 
150/NRMS.For limited temperature range the filter of 
Figure 5 works up to 2.5MHzclock frequency thus yielding 
a 50kHzcutoff. 


2. Secondary Modes: Mode 1b-lt 
is derived from Mode 1. 


In Mode 1b, Figure 7, two additional resistors, R5and R6, 
are added to attenuate the amount of voltage fed back 
from the lowpass output into the input of the SA (58) 
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HARMONIC OISTORTION WITH 'CLK=2MHz 


'IN 
2NO HARMONIC 


10kHz. 1V RMS 
-74dB 
20kHz. 1V RMS 
-62dB 
30kHz. 1V RMS 
-62dB 
40kHz. 
1VRMS 
-62dB 


STANDARD 1% RESISTOR VALUES 


R11=20k 
R21=20k 
R31 =llk 
R41 =20k 
R12=20k 
R22=20k 
R32=14k 
R23=10k 
R13=10k 
R33=17.8k 


Figure 5. 6th Order Butterworth Lowpass Filler with 
Cutoff Frequency up to 45kHz. 


switched capacitor summer. This allows the filter clock to 
center frequency ratio to be adjusted beyond 50:1 (or 
100:1).Mode 1b still maintains the speed advantages of 
Mode 1. Figure 8 shows the 3 lowpass sections of the 
LTC1061in cascade resulting in a Chebyshev lowpass fil· 
ter. The side A of the IC is connected in Mode 1b to provide 
the first resonant frequency below the cutoff frequency of 
the filter. The practical ripple, obtained by using a non-A 
version of the LTC1061and 1% standard resistor values, 
was 0.15dB. For this 6th order lowpass, the textbook O's 
and center frequencies normalized to the ripple bandwidth 
are: 01 = 0.55, fo1= 0.71, 02 = 1.03, f02 = 0.969, 03 = 3.4, 
f03=1.17. The design was done with speed in mind. The 
higher (03, f03) section was in Mode 1 and placed in the 
side B of the LTC1061.The remaining two center frequen· 
cies were then normalized with respect to the center fre- 
quency of side B; this changes the ratio of clock to cutoff 
frequency from 50:1 to 50x1.17=58.5:1. 
As shown in 
Figure 9, the maximum cutoff frequency is about 33kHz. 
The total wideband output noise is 220/tVRMSand the 
measured output DC offset voltage is 60mV. Another 
example of Mode 1b is illustrated on the front page of 
the datasheet. The cascading sequence of this 6th 
order bandpass filter is shown in block diagram form, 
Figure 10A.The filter is geometrically centered around the 
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Figure 6. Measures Frequency 
Response ot the Lowpass 
Bullerworth Filter of Figure 3. 


mODES OF OPERATion 


side B of the LTC1061connected in Mode 1.This dictates 
a clock to center frequency ratio of 50:1or 100:1.The side 
A of the ICoperates in Mode 1b to provide the lower center 
frequency of 0.95 and still share the same clock with the 
rest of the filter. With this approach the bandpass filter 


HON,(f-O)=HON' 
(1- 
fCiK) 
~ -f,; HOLP=R6/(~~~~6); 
HOBP= -*; (RS//R6)<SkO 


Figure 7. Mode 1b: 2nd Order Filter Providing 
Notch, Bandpass, 
Lowpass. 
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~ -20 
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Figure 9. Amplitude 
Response 01 the 6th Order Chebyshev 
Lowpass Filter of Figure 8. 


can operate with cen~er frequencies up to 24kHz. The 
speed of the filter co Id be further improved by using 
Mode 1 to lock the hig Ier resonant frequency of 1.05and 
higher Q of 31.9 to thel clock, Figure 10B, thus changing 
th 
I 
k 
f 
. 
5261 
ec oc to center req ency ratio to 
... 
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STANDARD 1% RESISTOR VALUES 


Rl 
=3S.7k 
R33=13k 
R3 
~l'.Sk 
R21 ~12.1k 


RS ~S.49k 
R61 =2.87k 


Rl 
=llk 
R22=11k 
R3 
=36.Sk 
R23~lD.Sk 
Rl 
~lS.8k 
R43=lS.8k 


Figure 8. 6th Order Cheby 
hev, Lowpass Filter using 3 Different 
Modes 01 Operation 
lor Sp ed Optimization. 


Figure 10A. Cascading 
Se uence 01 the Bandpass 
Filter Shown 
on the Front Page, with (Ic Kilo) = 50:1 or 100:1. 
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Figure 10B. Cascading 
Se uence 01 the Same Filter lor Speed 
Optimization, 
and with (Ie KIlo) = 52.6:1. 


mODES OF OPERATion 


Mode 38- This is an extension of Mode 3 where the 
shows an LTC1061providing a 6th order elliptic bandpass 
highpass and lowpass outputs are summed through two 
or notch response. Sides C and B are connected in 
external resistors Rh and RI to create a notch, Figure 11. 
Mode 3a while side A is connected in Mode 1 and uses 
Mode 3a is veryversatile becausethe notch frequency can 
only two resistors. The resulting filter response is then 
be higher or lower than the center frequency of the 2nd or· 
geometrically symmetrical around either the center fre· 
der section. Theexternal op amp of Figure 11is not always 
quency of side A (for bandpass responses) or the notch 
required. When cascading the sections of the LTC1061, 
frequency of side A (for notch responses).Figure 13shows 
the highpass and lowpass outputs can be summed di· 
the measured frequency response of the circuit Figure 12 
rectly into the inverting input of the next section. Figure 12 
configured to provide a notch function. The filter output is 


Cc 
taken out of pin 3. The resistor values are standard 1%. 
r-------1 r-------, 
R4 


NOTE: FOR a >5 
ANO IClK> 
fMHz 
EXTERNAL OP AMP OR 
AOO Cc SUCH AS CC=0.16/(R4 
x 1.2MHz) 
INPUT OP AMP OF THE 


LTC1061, 
SIDE A, B, C 


to= 
1~(5'o)~; 
fn= 
1~~~)~; 
HOHP= -R2IR1; 
HOBP= -R3/Rl, 
HOlP= 
-R4/Rf 


HON1(t-0)=~ 
x;'; 
HON2 (1- 
1CiK) 
= ~ x-M; HON(I~lo)=a 
(-:; 
HOlP-~ 
HOHP) ;a~ *j{f 


Figure 11. Mode 3a: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Notch. 
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NOTE: FOR NOTCH RESPONSES, 
PIN 7 SHOULD BE PREFERABLY 
CONNECTED TO GROUND AND 
THE FILTER OUTPUT IS PIN 3. 
FOR BANDPASS OR LOWPASS 
RESPONSES PIN 7 CAN BE EITHER 
AT GROUND OR POSITIVE SUPPLY, 
AND THE FILTER OUTPUT IS PIN 2 
OR PIN 1. 


V,N 


Figure 12. 6th Order Elliptic Bandpass, Lowpass or Notch Topology. 


LTC1061 


1,2= 1.187, 1,3= I,oJ 26.2}.The outpul o!the IiIter is the 
BP output of Side A, Pi 2. 
The ratio of the OdB width, BW1, to the notch width BW2, 
is 5:1 and matches the theoretical 
design value. The mea· 
sured notch depth was - 53dB versus - 56dB theoretical 
and the clock to center notch frequency ratio is 100:1. 


Figure 14 shows the measured frequency 
response of the 
circuit 
topology, 
Figure 12, but with pole/zero locations 
configured 
to provide a high Q, 6th order elliptic 
bandpass 
filter 
operating 
with a clock to center frequency 
ratio of 
50:1 or 100:1. The theoretical 
passband 
ripple, stopband 
attenuation 
and stopband 
to ripple bandwidth 
ratio are 
0.5dB, 56dB, 5:1 respectively. 
The obtained 
results 
with 
1% standard resistor values closely match the theoretical 
frequency 
response. 
For this application, 
the normalized 
center 
frequencies, 
Q's, 
and 
notch 
frequencies 
are 
(fa1= 0.969, Q1 = 54.3, fn 1= 0.84, f02 = 1.031, Q2 = 54.3, 
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NOTES: USE A 15pF CAPACITOR 
BETWEEN PINS 17 AND 18. 


PIN 7 IS GROUNDED 


Rll=165k 
R31 ~ 143k 
Rhl =10k 
R22=20k 
R42=15.4k 
R,2~10k 
R33 = 169k 


R21=10k 
R41=13k 
R,l =10.5k 
R32=221k 
Rh2=10.5k 
R23=84.5k 
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Figure 13. Resistor Values and Amplitude 
Response 
of Figure 12 Topology. The Notch is Centered at 2600Hz. 
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Lowpass 
filters 
with 
stopband 
notches 
can 
also 
be 
realized by using Fig~re 12 provided that 6th order low· 
pass filter approxima 
ions with 2 stopband 
notches 
can 
be 
synthesized. 
Lite ature 
describing 
elliptic 
double 
terminated 
(RLC) pas ive ladder filters 
provide 
enough 
data to synthesize the above filters. The measured ampli· 
tude response of suchI a lowpass 
is shown in Figure 15 
where the filter 
outp~t 
is taken out of side A's Pin 1, 


Figure 12. The clock tp center frequency 
ratio can be ei· 
ther 50:1 or 100:1 bec~use the last stage of the LTC1061 
operates in Mode 1 wi~h a center frequency 
very close to 
the overall cutoff frequency of the lowpass filter. 
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Rl'=576k 
R31 = 562k 
Rhl1 = 28.7k 
R22=10.7k 
R42=10k 
R,2~ 
10k 
R33= 
75k 


R21 =10k 
R41 =10.7k 


R,11 =40.2k 
R32=562k 
Rh2= 
14k 
R23=2.94k 


NOTE: FOR CLOCK FREOUENCIES 
ABOVE 500kHz 
CONNECT A 
5pF IN PARALLEL WITH R41 AND 
R42 
III 
-90 
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Figure 14. Resistor Value 
and Amplitude 
Response of Figure 12 
Topology. The Bandpass 
ilter is Centered Around 
2600Hz when Operating w th a 130kHz Clock. 


R11 =39.2k 
R31 = 13.7k 
Rh1 = 20.5k 
R22 = 10k 
R42= 
14k 
R,2=11.8k 
R33 ~ tOOk 


R21=10k 
R41 =392k 
R,l 
12.4k 
R32=26.7k 
Rh2-32.4k 


R23=10k 


NOTES: USE A 10pF A ROSS 
R42 FOR 'CLK>IMHz 


THE ELLIPTIC LOWPA5p FILTER 
HAS ONLY TWO NOTC~ES IN THE 
STOPBAND. AND IT OP~RATES 
WITH A CLOCK TO CUTI FF 
FREQUENCY RATIO OF 
0:1 


mODES OF OPERATion 


In Figure 16,all three sides of the LTC1061are connected 
in Mode 3a. This topology is useful for elliptic highpass 
and notch filters with clock to cutoff (or notch) frequency 
ratio higher than 100:1.This is often required to extend the 
allowed input signal frequency range and to avoid prema- 
ture aliasing. Figure 16is also a versatile, general purpose 
architecture providing 3 notches and 3 pole pairs, and 
there is no restriction on the location of the poles with reo 
spect to the notch frequencies. The drawbacks, when 


compared to Figure 12,are the use of an external op amp 
and the increased number of the required external resis· 
tors. Figure 17shows the measured frequency of a 6th or- 
der highpass elliptic filter operating with 250:1 clock to 
cutoff frequency ratio. With a 1MHz clock, for instance, 
the filter yields a 4kHz cutoff frequency, thus allowing an 
input frequency range beyond 100kHz. Band limiting can 
be easily added by placing a capacitor across the feed· 
back resistor of the external op amp of Figure 16. 
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Rl1 =105k 
R31 =47.5k 
Rh1 =10k 
R22=32.4k 
R42=52.3k 
R,2=750k 
R33 =255k 
Rh3= 10k 
Rg= 140k 


R21 = 10k 
R41 ~45.3k 
R,l ~1.07M 
R32=28.7k 
Rh2=42.2k 
R23=10k 
R43=63.4k 
R,:l=llOk 


NOTE: FOR CLOCK FREOUENCIES BElOW 
500kHz. 
USE A CAPACITORIN PARALLEL 


WITH R21 SUCH AS (1/2.fl21C)=fCLK/3 


Figure 17. Measured Amplitude 
Response of the Topology of Figure 16, Configured 
to Provide 
a 6th Order Elliptic 
Highpass 
Filter Operating 
with a Clock to Cutoff Frequency 
Ratio of 250:1. 


mODES OF OPERATion 


Figure 18shows the plotted amplitude responses of a 6th 
order notch filter operating again with a clock to center 
notch frequency ratio of 250:1.The theoretical notch depth 
is 70dSand when the notch is centered at 1kHzits width is 
50Hz.Two small, noncritical capacitors were used across 
the R21 and R22 resistors of Figure 16, to bandlimit the 
first two highpass outputs such that the practical notch 
depth will approach the theoretical value. With these two 
fixed capacitors, the notch frequency can be swept within 
a 3:1range. 


When the circuit of Figure 16is used to realize lowpass el· 
liptic filters, a capacitor across Rg raises the order of the 
filter and at the same time eliminates any small clock 
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feedthrough. This is shown in Figure 19 where the ampli- 
tude response of the t'lter is plotted for 3 different cutoff 
frequencies. When th . clock frequency equals or exceeds 
1MHz,the stopband n tches lose their depth due to the fi- 
nite bandwidth of the internal op amps and to the small 
crosstalk between thd different sides of the LTC1061.The 
lowpasss filter, how~ver, does not lose its passband 
accuracy and it maimtains nearly all of its attenuation 
slope. Thetheoretica 
performance of the 7th order low- 
pass filter of Figure 19 is 0.2dS passband ripple, 1.5:1 
stopband to cutoff f lequency ratio, and 73dS stopband 
attenuation. Without any tuning, the obtained results 
closely approximate the textbook response. 


STANDARD 1% RESISTO 
VALUES 


R11 ~84.5k 
R21~_10.2k 
R31 =31.6k 
R41 ~63Ak 
Rh1 =48.7k 
R,1 
287k 
R22~10k 
R3~=232k 
R42=97.6k 
Rh~= 10.2k 


R,2=665k 
R2f-20k 
R33=300k 
R4 
=80.6k 
Rh3= 102k 
R,3 
63Ak 
Rg=210k 


NOTE: CONNECT 39pF AND 100pF 


ACROSS R21 AND R22 R SPECTIVELY 


IJI 


Figure 18. 6th Order Band Reject Filter Operating 
with a Clock to Cent 
r 
Notch Frequency 
Ratio of 250:1. The Ratio of OdB to the - 65dB Notch Width is 8:1. 
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R11 =30.9k 
R31 =16.2k 
Rh1 =45.3k 
R22=10.5k 
R42 = 10k 
R,2=15.8k 
R33~28.7k 


Rh3~953k 
Rg~28k 


NOTE: ADD A CAPACITOR C ACROSS Rg 
TO CREATE A 7TH ORDER LOWPASS SUCH AS 
(112~RgC) =(CUTOFF 
FR OUENCY) xO.38 


Figure 19. Frequency 
Responses of a 7th Order Lowpas 
Elliptic 
Filter Realized with Figure 16 Topology. 


mODES OF OPERATion 


Mode 2- This is a combination of Mode 1 and Mode 3, 
Figure 20. With Mode 2, the clock to center frequency 
ratio, fClK/fo, is always less than 50:1 or 100:1.When com· 
pared to Mode 3 and for applications requiring 2nd order 
sections with fClK/fo slightly less than 100or 50:1, Mode 2 
provides less sensitivity to resistor tolerances. As in 
Mode 1,Mode 2 has a notch output which directly depends 
on the clock frequency and therefore the notch frequency 
is always less than the center frequency, fo, of the 2nd or· 
der section. Figure 21 shows the side A of the LTC1061 
connected in Mode 2 while sides Band C are in Mode 3a. 
This topology can be used to synthesize elliptic bandpass, 
highpass and notch filters. 
The elliptic 
highpass of 


Figure 20. Mode 2: 2nd Order Filler Providing Notch, Bandpass, 
Lowpass. 
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Figure 17 is synthesized again, Figure 22, but the clock is 
now locked onto the higher frequency notch provided by 
the side A of the LTC1061.As shown in Figure 22,the high· 
pass corner frequency is 3.93kHzand the higher notch fre· 
quency is 3kHz while the filter operates with a 300kHz 
clock. The center frequencies, 
O's, and notches of 
Figure 22, when normalized to the highpass cutoff fre· 
quency, are (fo1= 1.17, 01 = 2.24, fn1= 0.242, f02 = 1.96, 
02:0.7, 
fn2:0.6, 
f03:0.987, 
fn3:0.753, 
0:10). 
When 
compared with the topology of Figure 16, this approach 
uses lower and more restricted clock frequencies. The 
obtained notch in Mode 2 is shallower; however, this 
topology is more efficient. 


Figure 21. LTC1061with Side A is Connected in Mode 2 while 
Sides B,C are in Mode 3a.Topology is Useful for Elliptic 
Highpass, Notch and Bandpass Filters. 


Rl1 = 54.9k 
R31 =34.8k 
Rh1 =28.7k 
R22=68.1k 
R42=10k 
~~3:}:5~k 


R21 =24.3k 
R41 =10k 
Rll =280k 
R32 = 18.2k 
Rh2=10.2k 
R23=10k 
R43=14k 


NOTE: FOR CLOCK FREOUENCIES 
ABOVE 300kHz ADD A CAPACITOR, C, 
ACROSS R21 AND R22 SUCH AS (112~R21C)=ICLK 
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Figure 22. 6th Order Elliptic Highpass Filter Operating with a Clock to Cutoff Frequency 
Ratio of 75:1,and Using the Topology of Figure 21. 


mODES OF OPERATion 


Output Noise 


The wideband RMS noise of the LTC1061 outputs 
is 
nearly 
independent 
from 
the 
clock 
frequency. 
The 
LTC1061 noise when operating with 
±2.5V supply is 
lower, as Table 3 indicates. The noise at the bandpass and 
lowpass outputs increases roughly as the ,jQ. Also the 
noise increases when the clock to center frequency ratio 
is altered with external resistors to exceed the internally 
set 100:1or 50:1 ratios. Under this condition, the noise in- 
creases square root-wise. 


Output Offsets 


LTC1061 


ways equal to VOS3.The DC offsets at the remaining two 
outputs (Notch and LP) depend on the mode of operation 
and external resisto ratios. Table 4 illustrates this. 


It is important to kntw the value of the DC output offsets, 
especially when the filter handles input signals with large 
dynamic range. As 
rule of thumb, the output DC offsets 
increase when: 


1. The Q's decrea~e 
2. The ratio (fCLK/fo)increases beyond 100:1.This is 
done by decreasing either the (R2IR4)or the R6/ 
(R5+ R6)resist r ratios. 
The equivalent input offsets of the LTC1061are shown in 
Figure 23.The DCoffset at the filter bandpass output is ai- 


Table 3. Wideband 
RMS Noise 


lelK 
Notch/HP 
BP 
LP 
v, 
I. 
litVRMsl 
litVRMsl 
litVRMsl 
CONDITIONS 


±5V 
50:1 
45 
55 
70 
Mode 1, R1 = R2= R3 
±5V 
100:1 
65 
65 
85 
Q=1 
±2.5V 
50:1 
30 
30 
45 
±2.5V 
100:1 
40 
40 
60 


±5V 
50:1 
18 
150 
150 
Mode1,Q=10 
±5V 
100:1 
20 
200 
200 
R1 = R310r BP out 
III 
±2.5V 
50:1 
15 
100 
100 
R1 = R210r LP out 
±2.5V 
100:1 
17 
140 
140 


±5V 
50:1 
57 
57 
62 
Mode3, R1 = R2=R3= 
R4 
±5V 
100:1 
72 
72 
80 
Q=1 
±2.5V 
50:1 
40 
40 
42 
±2.5V 
100:1 
50 
50 
53 


±5V 
50:1 
135 
120 
140 
Mode 3, R2= R4, Q= 10 
±5V 
100:1 
170 
160 
185 
R3 = R110r BP out 
±2.5V 
50:1 
100 
88 
100 
R4 = R1 for LP and HP out 
±2.5V 
100:1 
125 
115 
130 


VOSN 
VOSBP 
VOSlP 


Mode 
Pin 3 (18) 
Pin 2(19) 
Pin 1 (20) 


1 
Vos1[(lIQ) t 1t IHolpl)- 
VOS3/Q 
VoS3 
VOSN - VOS2 


1b 
VOSt[(1IQ) t 1t R2JR1)- VOS3/Q 
VOS3 
-(VOSN 
- Vosv (1 t R5/R6) 


2 
[VOS1(1 t R2JR1t R2/R3 t R2/R4)- Vos3(R2JR3)] x 
VOS3 
VOSN - VOS2 


x [R4/(R2 t R4)]t Vos2[R2/(R2t 
R4)) 


3 
VOS2 
VOS3 
[ 
R4 
R4 
R4] 
( R4 ) 
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1t-t-t- 
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FEATURES 


• Upto 6th Order Filter Functions with a Single 20 Pin 
Surface Mount Package 
• Center Frequency Rangeup to 35kHz 
• fox Q Product Upto 1MHz 
• Guaranteed Center Frequency and Q Accuracy Over 
Temperature 
• Guaranteed Low Offset Voltages OverTemperature 
• 90dB Dynamic Range 
• Filter Operates From Single 4.7VSupply and Upto 
±8V Supplies 
• Low Power 
• Clock Inputs T2Land CMOSCompatible 


APPLICATions 
• High Order,Wide Frequency Range Bandpass, 


Lowpass, Notch Filters 
• Low PowerConsumption, Single 5V Supply Clock 
Tunable Filters 
• Tracking Filters 


17 
23.7k 
V1N< 
100kHz 


16 


lTC1061 
49.9k 


15 y- = 
-7SV 
4991< 
+75V 
14 


T2ClK 
IN 
13 
165k 


<12MHz 
12 
5.49k 


11+ =7511 
'=10 
11 
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LTC1061CS 


High 
erformance 
Triple 
Universal 
ilter Building Block 


The LTC1061consists of three high performance, univer- 
sal filter building bIO~kS' Each filter building block to- 
gether with an externa clock and 2 to 5 resistors can pro· 
duce various second 
rder functions which are available 
at its three output pin . Two out of three always provide 
lowpass and bandpass functions while the third output 
pin can produce highpass or notch or allpass. The center 
frequency of these fu~ctions can be tuned from 0.1Hz to 
35kHz and is dependent on an external clock or an ex- 
ternal clock and a resistor ratio. 


The LTC1061 can be ~sed with single or dual supplies 
ranging from ± 2.37V 0 ± 8V (or 4.74Vto 16V).When the 
filter operates with su~plies of ± 5V and above, it can han· 
die input frequencies up to 100kHz. 


The LTC1061is comp~tible with the LTC1059single uni- 
versal filter and the LTC1060dual. Higher than 6th order 
functions can be obtai ed by cascading the LTC1061with 
the LTC1059 or LTC1 60. Any classical filter realization 
(such as Butterworth, 
auer, Bessel and Chebyshev) can 
be obtained by the a propriate choice of the external 
resistors. 


The LTC1061 is manu actured by using Linear Technol- 
~ 
ogy's enhanced LTCMOSTMsilicon gate process. 
•• 


Supply Voltage 
18V 
Operating Temperature Range 
- 40°C~TA~85°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec) 
300°C 


ELECTRICAL CHARACTERISTICS 


(Complete Filter) Vs = ± 5V, TA = 25°C, T2L clock input level, unless otherwise 
specified 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Center Frequency Range, fo 
10x Q,; 175kHz, Mode 1, Vs= ± 7.5V 
0.1-35k 
Hz 


loxQ';1.6MHz,Model, 
Vs= ±7.5V 
0.1-25k 
Hz 
10x Q,;75kHz, Mode 3, Vs= ± 7.5V 
0.1-25k 
Hz 
10x Q,;lMHz, 
Mode3, Vs= ± 7.5V 
0.1-17k 
Hz 
(Note 1) 


Input Frequency Range 
0-200k 
Hz 


Clock to Center Frequency Ratio, IClKlfo 
Sides A, B: Mode 1, Rl = R3= 50kO 
(Note 1) 
R2= 5kO,Q = 10, fClK= 250kHz 
• 
50±1.2% 


Pin 7 High. 
Side C: Mode 3, R1= R3= 50k 
R2= R4= 5k, IClK= 250kHz 
Same as Above but Pin 7 at 
Mid·Supplies, IClK= 500kHz 
• 
100+1.2% 


Clock to Center Frequency Ratio, 
• 
1.2% 


Side to Side Matching 


Q Accuracy (Note 1) 
Sides A, B, Mode 1} 50:1 or 100:1 
• 
±3 
5 
% 


Side C, Mode 3 
fo= 5kHz, Q= 10 


fo Temperature Coefficient 
Mode 1,50:1, IClK<300kHz 
1 
ppm/oC 
Q Temperature Coefficient 
Mode 1, 100:1, fClK<500kHz 
5 
ppm/oC 
Mode 3, IClK<500kHz 
5 
ppm/oC 


LTC1061CS 


ELECTRICAL CHARACTERISTICS 
(Complete Filter) Vs = ± SV,TA =25°C, T2L clock input level, unless otherwise specified 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DC Offset Voltage (Note 2) 
VOS1 
• 
2 
15 
mV 


VOS2 
fCLK = 250kHz, 50:1 
• 
3 
25 
mV 


VOS2 
fCLK = 500kHz, 100:1 
• 
6 
50 
mV 
V0S3 
fCLK = 250kHz, 50:1 
• 
3 
25 
mV 


VOS3 
fCLK = 500kHz, 100:1 
• 
6 
50 
mV 


Clock Feedthrough 
fCLK<1MHz 
0.4 
mVRMS 
Max. Clock Frequency 
Mode 1, Q<5, Vs" ± 5V 
2.5 
MHz 
Power Supply Current 
6 
8 
12 
mA 
• 
16 
mA 


ELECTRICAL CHARACTERISTICS (Complete Filter) Vs= ± 2.37V,jA = 25°C unless otherwise specified 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Center Frequency Range, fo 
foX Qs120kHz, Mode 1,50:1 
0.1-12k 
Hz 
foxQs120kHz, 
Mode 3, 50:1 
0.1-10k 
Hz 


Input Frequency Range 
0-20k 
Hz 


Clock to Center Frequency Ratio 
50:1, fCLK = 250kHz, Q= 10 
Sides A, B: Mode 1 
Side C: Mode 3 
5O±1% 


100: 1,fCLK=5OOkHz, Q= 10 
Sides A, B: Mode 1 
1oo±1% 


Side C: Mode 3 


QAccuracy 
Same as Above, 100:1or 50:1 
±3 
% 


Max. Clock Frequency 
700k 
Hz 
Power Supply Current 
4.5 
6 
mA 


ELECTRICAL CHARACTERISTICS (Internal Op Amps) TA =25°C unl ss otherwise specified 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Voltage Range 
±2.37 
±9 
V 


Voltage Swings 
Vs= ±5V, RL =5k(Pins 
1, 2, 13, 14, 19,20) 
±3.8 
±4.2 
V 
RL = 3.5k (Pins 3,12,18) 
• 
±3.6 
V 


Output Short Circuit Current 
Source/Sink 
Vs= ±5V 
40/3 
mA 
DC Open Loop Gain 
Vs= ±5V,RL=5k 
80 
dB 
GBWProduct 
Vs= ±5V 
3 
MHz 
Slew Rate 
Vs= ±5V 
7 
Vips 


The • 
denotes the specifications 
which apply over the full operating 
temperature range. 


Note 1: An LTC1061S with improved Q and clock to center frequency ratio 
accuracy can be made available upon special request. 


Note 2: For definition of t~e DC offset voltages refer to the LTC1061 data 
sheet. An LTC1061S with improved DC offset specifications 
can be made 
available upon special req est. 


LTC1062 


5th 0 der Low PassFilter 


• 60HzLowpass Filters 
• Anti-Aliasing Filter 
• Low Level Filtering 
• Rolling Off AC Signals from High DCVoltages 
• Digital Voltmeters 
• Scales 
• Strain Gauges 


DESCRIPTion 


The LTC1062is a 5th 0 der all pole maximally flat lowpass 
filter with no DCerror. l~ unusual architecture puts the fil· 
ter outside the DC pat 
so DC offset and low frequency 
noise problems are eli 
inated. This makes the LTC1062 
very useful for lowpass filters where DC accuracy is 
important. 


The filter 
input and putput are simultaneously. taken 
across an external resi~tor. The LTC1062is coupled to the 
signal through an exte~nalcapacitor. This R,C reacts with 
the internal switched capacitor network to form a 5th or· 
der rolloff at the output 


The filter cutoff freque~cy is set by an internal clock which 
can be externally driven. The clock to cutoff frequency ra· 
tio is typically 100:1,al owing the clock ripple to be easily 
removed. 


Two LTC1062scan be c scaded to form a 10th order quasi 
max flat lowpass filter The device can be operated with 
single or dual supplies anging from ± 2.5Vto ± 9V. 


The LTC1062is manuf ctured using Linear Technology's 
~ 
enhanced LTCMOSTMs licon gate process. 
•• 


• Lowpass Filter with No DCError 
• Low Passband Noise 
• Operates DCto 20kHz 
• Operates on a Single 5VSupply or Upto ± 8V 
• 5th Order Filter 
• Maximally Flat Response 
• Internal or External Clock 
• Cascadable for Faster Rolloff 
• Buffer Available 
• 8 Pin DIP Package 
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USE A 6BOOpFCAPACITOR IN SERIES 
0 
WITH A 50K POTFROM 
PIN 5 TOGROUND. 
I 
10 
100 
INP T FREOUENCY (HZ) 


ABSOLUTE mAXimum 
RATinGS 


Total Supply Voltage (V+ to V-) 
18V 
Input Voltage at Any Pin 
V - - 0.3V:5VIN:5V + +0.3V 
Operating Temperature Range 
LTC1062M 
- 55°C:5TA:5125°C 
LTC1062C 
-40°C:5TA:585°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature Range (Soldering, 10sec.) 
300°C 


ORDER 
PART NUMBER 


LTC1062MJ8 
LTC1062CJ8 
LTC1062CN8 


v- 
3 


DI:~~ 4 


J8 PACKAGE 
N8 PACKAGE 
HERMETIC DIP 
PLASTIC DIP 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Power Supply Current 
Cosc(Pin 5 to Y-)= 
100 pF 
4.5 
7 
mA 
• 
10 
mA 


Input Frequency Range 
0-20k 
Hz 


Filter Gain at fiN= 0 
fCLK= 100kHz, Pin 4 at Y' 
0 
dB 
fiN= 0.5fc(Note 1) 
C=O.Ol~F. R=25.78k 
-0.02 
-0.3 
dB 
flN=fc 
• 
-2 
-3 
dB 
fiN=2fc 
• 
-28 
-30 
dB 
flN=4fc 
• 
-54 
-60 
dB 


Clock to Cutoff Frequency Ratio, fCLK/fc 
Same as above 
l00±l 
% 


Filter Gain at fiN= 16kHz 
fCLK= 400kHz, Pin 4 at Y' 
• 
-45 
-52 
dB 
C=O.Q1~F, R=6.5k 


fcLK/fcTempco 
Same as above 
10 
ppm/oC 


Filter Output (Pin 7)DC Swing 
Pin 7 bufffered with an external op amp 
• 
±3.5 
±3.8 
Y 


Clock Feedthrough 
1 
mYp-p 


Bias Current 
2 
50 
pA 


Bias Current 
• 
170 
1000 
pA 


Offset Yoltage 
2 
20 
mY 


Yoltage Swing 
Rload= 2OkO 
• 
±3.5 
±3.8 
Y 


Short Circuit Current Source/Sink 
40/3 
mA 


Internal Oscillator Frequency 
Cosc (Pin 5 to Y-) = 100pF 
25 
32 
50 
kHz 
Cosc(Pin 5 to Y-) = 100pF 
• 
15 
65 
kHz 


Max Clock Frequency 
4 
MHz 


Pin 5 Source or Sink Current 
• 
40 
80 
~ 


The. 
denotes the specifications 
which apply over the full operating tem- 
perature range. 


Note 1: fc is the frequency where the gain is - 3dB with respect to the in- 
put signal. 


Note 2: The LTC1062M operates from -55°C"TA,,125°C, 
the LTC1062C 
operates from - 40°C" TA" 85°C. 


Note 3: The external or driven clock frequency is divided by either 1,2, or 4 
depending 
upon the voltage at pin 4. When pin 4=Y', 
ratio = 1; when 
pin 4 = GND, ratio = 2; when pin 4 = Y-, ratio = 4. 


BY CONNECTING 
PIN 4 TO V +, AGNO, OR 
V -, 
THE OUlIPUT FREQUENCY OF THE IN- 


TERNAL CLOCK GENERATOR IS THE OSCIL- 
LATOR FREQUENCY DIVIDED BY 1,2,4. 
THE 


(IClK/IC) 
RATiO OF 100:1 
IS WITH RESPECT 


TO THE INTE~AL 
CLOCK GENERATOR OUT- 


PUT FREQUE 
CY. PIN 5 CAN BE DRIVEN 
WITH AN EXT RNAL CMOS LEVEL CLOCK. 
THE LTC1062 
CAN ALSO BE SELF-CLOCKED 


BY CONNECTI 
G AN EXTERNAL CAPACITOR 


(COSC)TO GR UNO (OR TO V- 
IF COSCIS 


POLARIZED). 
NDER THIS CONDITION AND 


WITH 
± 5V S 
PPlIES, 
THE INTERNAL 
OS- 
CILLATOR FR QUENCY IS 


IOSC= 140 
Hz [33pF/(33pF 
+Coscl] 


R' 
+sv 
=.f1..0. 


, 
•F 
-sv 
+sv 
'CLK=100kHz 


Amplitude Response Normalized to 
the Cutoff Frequency 


o 
vs= 
'±sv 
\. 


TA=2S'C 
\ 
1 
'C 


2.RC 
1.62 
\ 


'CLK=l MHz 
fC-lOkHz 


'CLK 
500kHz,\ 


'C=S~HZJS 
'CLK= 100kHz 
_'C=lkHz 


I 
I 


_'CLK=10kHZ 


'C=100Hz 


---f'CLK=lkHZ 
'C=10Hz 
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Amplitude Response Normalized to 
the Cutoff Frequency 
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FOR8 ST MAX. FLATAPPROXIMATION, 
THE I PUT R,C SHOULD8E SUCH AS: 


2) C=fM xTk 


A 0'5~\ESISTOR' 
R'. SHOUlO 8E USEDIF 
THE 81 
lAR EXTERNALCLOCKIS APPLIED 
8EFOR THE POWERSUPPLIESTURN ON. 
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TA- 
55°C 


Vs= 
±5V 
fCLK=lookHz 


_1_=JL 
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PassbandPhaseShiftvsInput 
Frequency 


VS=±5V 
~ 
ICLK= 100kHz 
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Filter NoiseSpectralDensity 
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NormalizedOscillatorFrequency, 
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OscillatorFrequency,lose vs 
AmbientTemperature 
PowerSupplyCurrentvsPower 
SupplyVoltage 


o 
4 
6 
8 
10 
12 
14 
16 
18 
20 
POWERSUPPLY VOLTAGE(V) 


0.7 
4 
6 
8 
10 
12 
14 
16 
18 
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VSUPPLY(V) 


~ 
220 


~ 
200 


~ 
180 
'"ff 
160 


~ 
140 


~ 
120 


5jo 
100 


80 


80 
-so 
-25 
0 
25 
so 
75 
100 
125 


AM81ENT TEMPERATURE(OC) 


Filter Input Voltage Range 


Every node of the LTC1062 typically swings within 1V of 
either voltage supply, positive or negative. With the appro- 
priate external (R,C) values, the amplitude response of all 
the internal or external nodes does not exceed a gain of 
o dB with the exception of pin 1. The amplitude response 
of the feedback node (pin 1) is shown in Figure 2. For an in- 
put frequency around 0.8 x fe, the gain is 1.7 VN and, with 


± 5V supplies, the peak-to-peak input voltage should not 
exceed 4.7V. If the input voltage goes beyond this value, 
clipping and distortion of the output waveform occur, but 
the filter will not get damaged nor will it oscillate. Also, 
the absolute maximum input voltage should not exceed 
the power supplies. 
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Internal Buller 


The internal 
buffer out (pin 8) and pin 1 are part of the 
signal 
AC path. Excessive capacitive 
loading will cause 
gain errors in the passband, especially 
around the cutoff 
frequency. 
The internal 
buffer 
gain 
at DC is typically 
0.006dB. The internal buffer output can be used as a filter 
output, 
however it has a few millivolts 
of DC offset. The 
temperature 
coefficient 
of the internal 
buffer is typically 
1JLV/oC. 


Filter Attenuation 


The LTC1062 rolloff 
is typically 
30dB/octave. 
When the 
clock, 
and the cutoff 
frequencies 
increase, 
the filter's 
maximum 
attenuation 
decreases. 
This is shown 
in the 
Typical Performance 
Characteristics. 
The decrease of the 
maximum 
attenuation, 
is due to the roll off at higher fre- 
quencies of the loop gains of the various internal feedback 
paths and not to the increase of the noise floor. For in- 
stance, for a 100kHz clock and 1kHz cutoff frequency, the 
maximum attenuation 
is about 64dB. A 4kHz, 1Vrms input 
signal 
will 
be predictably 
attenuated 
by 60dB at the 


Case, Pin 5 


The Case, pin 5, can be used with an external capacitor, 
Case, connected from bin 5 to ground. If Case is polarized 
it should be connected 
from pin 5 to the negative supply, 


pin 3. Case lowers the i ternal oscillator 
frequency. If pin 5 
is floating, 
an interna 
33pF capacitor 
plus the external 


interpin 
capacitance 
set the oscillator 
frequency 
around 


140kHz with 
± 5V SUPI'Y' An external Case will bring the 
oscillator 
frequency 
own 
by the 
ratio 
(33pF)/(33pF + 
Casel. The typical perf 
rmance characteristics 
curves pro- 
vide the necessary inf rmation to get the internal oscilla- 
tor frequency 
for vario 
s power supply ranges. Pin 5 can 
also be driven with an external CMOS clock to override the 
internal 
oscillator. 
Alt~ough 
standard 
7400 series CMOS 
gates 
do not guarant~e 
CMOS levels with 
the current 
source and sink requirements 
of pin 5, they will, in reality, 


drive the Case pin. CMfS 
gates conforming 
to standard B 
series output drive hav 
the appropriate 
voltage levels and 
more than enough out 
ut current to simultaneously 
drive 
several LTC1062 Case pins. The typical trip levels of the in- 
ternal Schmitt trigger which input is pin 5, are given below. 


III 


output. 
A 6kHz, 1Vrms input signal will be attenuated 
by 
V SUPPLY 
V1h+ 
V1h- 
64dB and not by 77dB as an ideal 5th order maximum flat 
±2.5V 
+O.9V 
-1V 
filter would have dictated. The LTC1062 output at 6kHz will 
±5V 
+ 1.3V 
-2.1V 
be about 630JLVrms.The measured rms noise from DC to 
+6V 
+1.7V 
-2.5V 


17kHz was 100JLVrmswhich is 16dB below the filter output. 
±7V 
+1.75V 
-2.9V 


Divide By 1, 2, 4 (Pin 4) 


By connecting pin 4 to V+, to mid supplies or to V-, the 
clock frequency driving the internal switched capacitor 
network is the oscillator frequency divided by 1, 2, 4, 
respectively. Note that the feLK/fe ratio of 100:1 is with 
respect to the internal clock generator output frequency. 
The internal divider is useful for applications where octave 
tuning is required. The -:-2threshold is typically ± 1Vfrom 
the mid supply voltage. 


Transient Response 


Figure 3 shows the LTC1062response to a 1V input step. 


200mV!VERT 
DIV 
SOms/HDRIZ 
DIV, fc=10Hz 
5ms/HORIZ 
DIV, fc=100Hz 


O.5ms/HORIZ 
DIV, fc=lkHz 


_1_=-.-!L 


2"RC 
1.62 


Filter Noise 


The filter wideband rms noise is typically 100llVrms for 
±5V supply and it is nearly independent from the value of 
the cutoff frequency. For single 5V supply the rms noise is 
80IlVrms. Sixty-two percent of the wideband noise is in the 
passband, that is from DC to fe. The noise spectral 
density, unlike conventional active filters, is nearly zero 
for frequencies below 0.1x fe. This is shown in the typical 
performance characteristics section. Table 1 shows the 
LTC1062rms noise for different noise bandwidths. 


nns NOISE 
NOISEBW 
Vs= :!:5V 
DC-O.1xfc 
2~V 
DC-O,25xfc 
8~V 
DC-O,5xfc 
20~V 
DC-1 xfc 
62~V 
DC-2xfc 
100~V 


AC Coupling an External CMOS Clock Powered from a 
Single Positive Supply, V + 


Adding an External (Rl, Cl1 to Eliminate the Clock 
Feedthrough 
and to Improve the High Frequency 
Attenuation 
Floor 


EX 
fCLK~l00kHz. 
fc=lkHz. 
THE FILTER 


ACCURATELY 
PASSES THE HIGH DC INPUT 
AND ACTS AS 5th ORDER LP FILTER FOR THE 
AC SIGNALS 
RIDING ON THE DC. THE AMPLI- 
TUDE RESPONSE IN THE PASSBANO IS 
SHOWN BELOW. 


Clock Tunable Notch Filter 
For simplicity 
use R3= R4= R5= 10k; 


R1 = 1.234, 
fCLK 
= 79.3 
R2 
fnotch 
1 
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o 
-10 


-20 
-30 


~-40 
-50 
-60 
-70 
-80 
-90 


1\ 
Vs= ~5V 
- 
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CONTROL 
(HIGH, GROUND, LOW) 


10Hz, 
10th ORDER DC ACCURATE LOW PASS FILTER 


60dB/OCTAVE 
ROLLOF~ 
O.5dB PASSBAND ERROR, OdB DC GAIN 
MAXIMUM 
ATTENUATION 
110dB (fCLK=10kHz) 
100dB (fCLK= 
1kHz) 


95dB (fCLK=lMHz) 


100Hz, 50Hz, 25Hz 5th Order DC Accurate 
LP Filter 


25.8k 


r 


BY CONNECTING PIN 4 OF THE LTC1062 
HIGH/ 


GROUND/LOW 
THE FILTER CUTOfF 
FREQUENCY 
IS 100Hz/50HzI25Hz. 


• 


THE lTC1052 
IS CONNECTED AS A 2nd ORDER 
SAllEN 
AND KEY lOWPASS 
FilTER 
WITH A 


CUTOFF FREQUENCY EQUAL TO THE lTC1062 
THE ADDITIONAL FilTERING 
ELIMINATES 
ANY 


10kHz CLOCK FEED THROUGH PLUS DECREASES 
THE WIDEBAND NOISE OF THE FILTER. 


DC OUTPUT OFFSET (REFERRED TO A DC GAIN OF 
UNITY)=5/N 
MAX. 


WIDEBAND NOISE (REFERRED TO A DC GAIN OF 
UNITY) ==60I'Vrms 


DC GAIN 
1 


10 


OUTPUT FilTER 
COMPONENT VALUES 


R3 
R4 
R1 
R2 
C1 


00 
0 
14.3k 
53.6k 
0.11'F 


3.57k 
32Ak 
46k 
274k 
0.011'F 


Single 5V Supply 5th Order LP Filter 


R 


VIN~ 


C 
::rOC ACCURATE OUTPUT 


C 
10l'F 
SOLID 
25k 
TANTALUM 
p+ 


FOR A 10Hz FilTER 
R=29Ak, 
C=1I'F. 
fCLK=1kHz 


THE FilTER 
IS MAXIMAllY 
FLAT FOR 2;RC 
= /~4 


ClK 
IN 
2.84kHz 


_,_ 
=---'..CUL.- 


2~RC 
'OQ x 1.62 


Frequency 
Response of the Above Lowpass Filter with the Notch fNOTCH = ~7~~ 


N 
20 
~ 


~30 


~ 
40 
• 


J8 Package 
8 Lead Hermetic DIP 


0.005 
-- r- 
(0.127) 


MIN 
..............-~~ 
I 
(10.287) 
(::;;'~D7MAX6 
5 


RAOTYP 
---t 


0220-0.310 
(5.588-7.874) 
-~ 


1 


1 
2 
3 
4 


(~'~~;)-'1-- 


MAX 
0200 
(5,080)MAX 


~:i:' 


,::::::::,JJ- 
I I 
::~; 


~~ 


MIN 
0.030-0,073 
0100:*:0,010 
(0.752-1.854) 
-- 
--(2.540:t:O.254) 


N8 Package 
8 Lead Plastic 


r:O 


AOO(~-I 
MAX0 


765f 


Q,250:t:Q005 


(5,350tO.127l 


1 
2 
3 
4 


O'065~00400130±0005 
(U51) 
(1.016) 
~0127) 
0020 


I 
_. 
t 
~81 


~ 
~ 


0009-0015 
TIJ.. 
----rt 


-- 
-(0,229-0,381) 
i~pI 
~' 
I 


0325 
~~-~~~ 
I 
O,045:t:O,015 tJ 
0018 
1-----------' 


( 
8255+0.635)..... 
(1.143:t:O.381)-. 
(0457)-1-- 
~ 


-0.381 
O.100±O 010 
TY? 
(3.175) 


(2.540±O.254) 
MIN 


• 
Lowpass Filter with No DC Error 
• Low Passband Noise 
• Operates DC to 20kHz 
• Operates on a Single 5V Supply or Up to ± 8V 
• 5th Order Filter 
• Maximally 
Flat Response 
• 
Internal or External Clock 
• Cascadable 
for Faster Rolloff 
• 
Buffer Available 


• 60Hz Lowpass Filters 
• Anti-Aliasing 
Filter 
• Low Level Filtering 
• 
Rolling Off AC Signals from High DC Voltages 
• 
Digital Voltmeters 
• Scales 
• Strain Gauges 


LTC1062CS 


5th 0 'der Low Pass Filter 


DESCRIPTion, 


The LTC1062 is a 5th orrer all pole maximally 
flat lowpass 
filter with no DC error. I s unusual architecture 
puts the fil- 
ter outside 
the DC pat 
so DC offset 
and low frequency 
noise problems 
are eli 
inated. This makes the LTC1062 
very useful 
for 
lowpa 
s filters 
where 
DC accuracy 
is 
important. 


The filter 
input 
and 
utput 
are simultaneously 
taken 
across an external resistor. The LTC1062 is coupled to the 
signal through an exter 
al capacitor. 
This R,C reacts with 
the internal 
switched 
c pacitor 
network to form a 5th or- 


der rolloff at the output. 


The filter cutoff frequen 
y is set by an internal clock which 
can be externally 
drive~. The clock to cutoff 
frequency 
ra- 
tio is typically 
100:1, allbwing 
the clock ripple to be easily 
removed. 


Two LTC1062s can be c scaded to form a 10th order quasi 
max flat lowpass filter. The device can be operated 
with 
single or dual supplies r nging from ± 2.5V to ± 9V. 


The LTC1062 is manuf~ctured 
using Linear Technology's III 
enhanced LTCMOSTM silicon gate process. 


NOTE: 
TO AOJUST 
OSCILLATOR 
FREOUENCY, 


USE A 6800pF 
CAPACITOR 
IN SERIES 


WITH 
A 50k POT FROM PIN 5 TO GROUNO. 


-20 
'"~-30 


~ -40 
~ -50 
w 
~-60 
~ -70 


'""" -80 


-90 


~ 
~ 
2? 


50 ~ 


40 ~ 
in 
30~ 


20 
- 


'O~ 


Total Supply Voltage (V+ to V-) 
18V 
Input Voltage at Any Pin 
V - - 0.3Vs VINSV + + 0.3V 
Operating Temperature Range 
- 40°C s TA s85°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature Range (Soldering, 10 sec.) 
300°C 


ORDER 
PART NUMBER 


LTC1062CS 


V- 
5 


DIVIDER 
RATIO 
Ne 
7 


PART MARKING 


LTC1062CS 


ELECTRICAL CHARACTERISTICS 
Test Conditions: V + = +5V, V- = - 5V, TA =25°C unless otherwise specified, AC output measured at pin 7 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Power Supply Current 
Cosc(Pin 5 to V-)= 
100 pF 
• 
4.5 
7 
mA 
10 
mA 


Input Frequency Range 
0-20k 
Hz 


Filler Gain at fiN= 0 
fCLK= 100kHz, Pin 4at V' 
0 
dB 
fiN=0.5fc(Note 
1) 
C = 0.01~F, R= 25.78k 
-0.02 
-0.3 
dB 
flN=fc 
• 
-2 
-3 
dB 
flN=2fe 
• 
-28 
-30 
dB 
flN=4fc 
• 
-54 
-60 
dB 


Clock to Cutoff Frequency Ratio, fcLKlfe 
Same as above 
1oo±1 
% 


Filter Gain at fiN= 16kHz 
fCLK= 400kHz, Pin 4 at V' 
• 
-46 
-52 
dB 
C=O.Q1~F, R=6.5k 


fCLKlfcTempco 
Same as above 
10 
ppm/oC 


Filler Output (Pin 7) DC Swing 
Pin 7 bufffered with an external op amp 
• 
±3.5 
±3.8 
V 


Clock Feedthrough 
10 
mVp-p 


Bias Current 
2 
50 
pA 


Bias Current 
• 
170 
1000 
pA 


Offset Voltage 
2 
20 
mV 


Voltage Swing 
R1 =20kO 
• 
±3.5 
±3.8 
V 


Short Circuit Current Source/Sink 
40/3 
mA 


Internal Oscillator Frequency 
Cosc(Pin 5 to v-) = 100pF 
25 
32 
50 
kHz 
Cosc(Pin 5 to V-)= 
100pF 
• 
15 
65 
kHz 


Max Clock Frequency 
4 
MHz 


Pin 5 Source or Sink Current 
• 
40 
80 
~A 


The _ denotes the specifications 
which apply over the full operating tem· 
perature range. 


Note1: 
fe is the frequency where the gain is - 3dB with respect to the in· 
put signal. 


Note 2: The LTC1062C operates from - 40'C sT A s 85°C. 


Note 3: The external or driven clock frequency is divided by either 1,2, or 4 
depending upon the voltage at pin 4. When pin 4= V', ratio = 1;when 
pin 4 = GND, ratio = 2; when pin 4 = V-, ratio = 4. 


• 4 Filters in a 0.3" Wide Package 
• 1/2the Noise of the LTC1059,60,61 Devices 
• 140kHz Maximum Center Frequency 
• 7MHz Maximum Clock Frequency 
• Clock to Center Frequency Ratio of 50:1and 100:1 
Simultaneously Available 
• Operates from ±2.37Vto ±8V Power Supplies 
• Low Offsets 
• Low Harmonic Distortion 
• Customized Version with Internal Resistors Available 


• Antialiasing Filters 
• Wide Frequency Range Tracking Filters 
• Spectral Analysis 
• Loop Filters 


FOR 'ClK=5MHz, 
ADD C1 = 10pF 
BETWEI:N 
~INS 4. 1 
C2= 10pf BE1WEENPINS 21, 24 
C3=27pf 
BETWEENPINS 9,12 
WIOEBANONOISE-140.VRMS 


LTC1064 


Low Noise, Fast, Quad 
Universal 
ilter Building Block 


DESCRIPTiOn 


The LTC1064 consists 
of four high speed, low noise 
switched capacitor filt~r building blocks. Each filter build- 
ing block, together witH an external clock and 3 to 5 resis- 
tors can provide various 2nd order functions like low pass, 
high pass, bandpass and notch. The center frequency of 
each 2nd order functidn can be tuned with an external 
clock, or a clock and a esistor ratio. For 0:55, the center 
frequency range is from 0.1Hz to 100kHz. For 0:53, the 
center frequency rangelcan be extended to 140kHz. Up to 
8th order filters can be realized by cascading all four 2nd 
order sections. Any cl~ssical filter realization (such as 
Butterworth, 
Cauer, Bessel 
and 
Chebyshev) can 
be 
formed. 


A customized monolithi 
version of the LTC1064 including 
internal thin film resisto s can be obtained for high volume 
applications. Consult L C marketing for details. 


The LTC1064 is manuf~ctured using Linear Technology's 
enhanced LTCMOSTMsilicon gate process . • 
Grn YS Frequency 


a;--45 
'2. 
z-60 


~-75 


-90 


-105 


-120 


-135 
lk 


Total Supply Yoltage 
(Y+ to Y-) 
18Y 
Power Dissipation 
500mW 
Operating 
Temperature 
Range 
LTC1064AM, 
LTC1064M 
- 55°C to 125°C 
LTC1064AC, LTC1064C 
..........•..... 
- 40°C to 85°C 


Storage Temperature 
Range 
- 65°C to 150°C 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


ORDER PART 
NUMBER 


LTC1064AMJ 
LTC1064MJ 
LTC1064ACJ 
LTC1064CJ 
LTC1064ACN 
LTC1064CN 


ORDER PART 
NUMBER 


ELECTRICAL CHARACTERISTICS 


(Internal Op Amps) TA = 25°C, unless otherwise 
specified. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating Supply Voltage Range 
+2.37 
+8 
V 


Voltage Swings 
Vs= ±5V, Rl =5kQ 
±3.3 
±3.6 
V 
• 
±3.2 
V 


Output Short Circuit Current (Source/Sink) 
Vs= + 5V 
3 
mA 


DC Open Loop Gain 
Vs = + 5V, Rl = 5kQ 
80 
dB 


GBW Product 
Vs= ± 5V 
7 
MHz 


Slew Rate 
Vs = ± 5V 
10 
V/~s 


ELECTRICAL CHARACTERISTICS 
(Complete Filter) Vs = ± 5V,TA = 25°C, TTL clock input level, unless otherwise specified. 


PARAMETER 
CONDITIONS 
IN 
TYP 
MAX 
UNITS 


Center Frequency Range, fo 
Vs= ±8V, Os3 
0.1-140 
kHz 


Input Frequency Range 
0-1 
MHz 


Clock to Center Frequency 
LTC1064A (Note 1) 
Sides A, S, C: Mode 1, 
50 ± 0.3 
% 


Ratio, fCLK/fo 
LTC1064 
R1 = R3 = 50kO, R2 = 5kO, 0 = 10, 
• 
50±0.8 
% 


fCLK= 1MHz, fo = 20kHz, Pin 17 High 
Side D: Mode 3, R1 = R3 = 5OkO, 
• 
50±0.9 
% 


R2 = R4= 5kO 


LTC1064A (Note 1) 
Same as above, Pin 17 Low, fCLK= 1MHz 


I 


100 ± 0.3 
% 


fo=10kHz 
LTC1064 
Sides A, S, C 
• 
100±0.8 
% 


Side D 
• 
100±0.9 
% 


Clock to Center Frequency 
LTC1064A (Note 1) 
fCLK=1MHz 
0.4 
% 


Ratio, Side to Side Matching 
LTC1064 
• 
1 
% 


Clock to Center Frequency 
LTC1064A(Note 
1) 
Sides A, S, C: Mode 1, Vs = ± 7.5V 


I 


50±0.6 
% 


Ratio, fCLK/fo(Note 2) 
LTC1064 
R1 = R3 = 50kO, R2 = 5kO, 0 = 5, 
50±1.3 
% 


fcLK=4MHz, 
fo=80kHz, 
Pin 17 High 
Side D: Mode 3, R1 = R3 = 50kO, 
R2= R4= 5kO, fCLK= 4MHz 


LTC1064A (Note 1) 
Same as above, Pin 17 Low 
100±0.6 
% 


LTC1064 
fCLK= 4MHz, fo =40kHz 
100±1.3 
% 


o Accuracy 
Sides A, S, C: Mode 1, 0 = 10 
• 
±2 
6 
% 


Side D: Mode 3, fCLK= 1MHz 
• 
±3 
8 
% 


fo Temperature Coefficient 
Mode 1, 50:1, fCLK<2MHz 
±1 
ppm/oC 
o Temperature Coefficient 
Mode 1, 100:1, fCLK<2MHz 
±5 
ppm/oC 


Mode3, fCLK<2MHz 
±5 
ppm/oC 


DC Offset Voltage 
VOS1 
fCLK= 1MHz, 50:1 or 100:1 
• 
2 
15 
mV 
VOS2 
fCLK= 1MHz, 50:1 or 100:1 
• 
3 
45 
mV 
VOSJ 
fCLK= 1MHz, 50:1 or 100:1 
• 
3 
45 
mV 


Clock Feedthrough 
fCLK<1MHz 
0.2 
mVRMS 


Maximum Clock Frequency 
Mode 1, 0<5, 
Vs2: ± 5V 
7 
MHz 


Power Supply Current 
9 
12 
16 
mA 
• 
22 
mA 


The. 
denotes the specifications 
which apply over the full operating 
temperature 
range. 


Note 1: Contact LTC Marketing. 


Note 2: Not tested, guarantee 
by design. 


VOSN 
VOSBP 
VOSLP 
MODE 
PIN 2, 11, 14, 23 
PIN 3, 10, 15,22 
, 
PIN 4, 9, 16, 21 


1 
Vos1[(1/0) + 1+ IIHoLP~J- VoSJ/O 
VOSJ 
OSN- VOS2 


1b 
Vos1[(1/0) + 1+ R2IR1] - VoSJ/O 
VOSJ 
-(VosN - Voszl (1+ R5/R6) 


2 
[VOSI(1+ R2IR1 + R2IR3 + R2IR4) - Vos3(R2IR3)] x 
VOS3 
VOSN- VOS2 


[R4/(R2 + R4)]+Vos2[R2/(R2 + R4)] 
I 


3 
VOS2 
VOS3 
[ 
R4 
R4 
R4] 
(R4 
) 
Vos1 
1+-+-+- 
- VOS2 - 
R1 
R2 
R3 
R2 


IVOSJ(~) 


I 


BPA(10) 
LPA(9) 


0 
V+(7) 


0 
50/100(17) 


0 
ClK(1S) 


0 
V-(19) 


BY TYING PIN 17 TO V + ALL SECTIONS 
OPERATEWITH (IClKlfo)=(5O:1) 
BY TYING PIN 17 TO V - 
ALL SECTIONS 
OPERATEWITH (IClKlfo)=(loo:1) 
BY TYING PIN 17 TO AGNO SECTIONS B & C 
OPERATEWITH (IClKlfol=(5O:1) 
AND 
SECTIONS A & 0 OPERATEAT (100:1). 
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Graph 10. Power Supply Currant 
vs SUpply Voltage 
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Graph 11. Hannoni~Distortion, 
8th Order LP Butte"orth 
Ie = 20kHz THD =0.015% lor 
3VRMSInput 


Power Supplies (Pins 7,19) 


They should be bypassed with 0.1/LFceramic disc. Low 
noise, non·switching, power supplies are recommended. 
The device operates with a single 5V supply and with dual 
supplies. The absolute maximum operating power supply 
voltage is ±9V. 


Clock (Pin 18) 


For ±5V supplies the logic threshold level is 1.4V. For 
±BV and 0 to 5V supplies the logic threshold levels are 
2.2V and 3V respectively. The logic threshold levels vary 
± 100mV over the full military temperature range. The 
recommended duty cycle of the input clock is 50% al· 
though for clock frequencies below 500kHz the clock "on" 
time can be as low as 200ns. The maximum clock fre· 
quency for ±5V supplies is 4MHz. For ± 7V supplies and 
above, the maximum clock frequency is 7MHz. 


V+/2 
6 
AGND 


5k 
7 V+ 


-:I:"'0.1p.F 8 


'=' '=' 
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PLANE 


AGND(Pin6) 


When the LTC1064 operates with dual supplies, Pin 6 
should be tied to system ground. When the LTC1064oper· 
ates with a single positive supply, the analog ground pin 
should be tied to 1/2 supply and it should be bypassed 
with a 1/LFsolid tantalum in parallel with a 0.1/LFceramic 
disc, Figure 1. The positive input of all the internal op 
amps, as well as the common reference of all the internal 
switches, are internally tied to the analog ground pin. Be- 
cause of this, a very "clean" ground is recommended. 


50/100 (Pin 17) 


By tying Pin 17 to V+, all filter sections operate with a 
clock to center frequency ratio internally set at 50:1.When 
Pin 17 is at mid-supplies, sections Band C operate with 
(fCLK/fo)= 50:1 and sections A and D operate at (100:1). 
When Pin 17 is shorted to the negative supply pin, all filter 
sections operate with (fCLK/fo)= 100:1. 


1. Grounding and Bypassing 


The LTC1064should be used with separated analog and 
digital 
ground 
planes 
and 
single 
point 
grounding 
techniques. 


Pin 6 (AGNO)should be tied directly to the analog ground 
plane. 


Pin 7 (V+) should be bypassed to the ground plane with a 
0.1/lF ceramic disk with leads as short as possible. Pin 19 
(V-) should be bypassed with a 0.1/lF ceramic disk. For 
single supply applications, V- can be tied to the analog 
ground plane. 


For good noise performance, V+ and V- must be free of 
noise and ripple. 


All analog inputs should be referenced directly to the sin· 
gle point ground. The clock inputs should be shielded 
from and/or routed away from the analog circuitry and a 
separate digital ground plane used. 


0.1pf 


CERAMIC 


DISK 
I 
ANALOG 
GROUND 
PLANE 


Figure 2 shows an example of an ideal ground plane de· 
sign for a two sided board. Of course this much ground 
plane will not always be possible, but users should strive 
to get as close to this as possible. Proto boards are not 
recommended. 


2. Buffering the Filter Output 


When driving coaxial cables and 1x scope probes, the fil· 
ter output should be buffered. This is important especially 
when high as are used to design a specific filter. Inade· 
quate buffering may cause errors in noise, distortion, 0, 
and gain measurements. When 10x probes are used, 
buffering is usually not required. An inverting buffer is 
recommended especially when THO tests are performed. 
As shown in Figure 3, the buffer should be adequately 
bypassed to minimize clock feedthrough. 


III 


FOR BEST HIGH 
FREQUENCY 
RESPONSE 


PLACE 
RESISTORS 
PARALLEL 
TO DOUBLE 
SIDED COPPER CLAD 
BOARD AND 
LAY FLAT 


(4 RESISTORS 
SHOWN 
HERE TYPICAl). 


---- , 
I 
DIGIT~~GNREOUND 
I 
•..._---~ 


(SINGLE 
POINT 


GROUND) 


NOTE: 
CONNECT 
ANALoa 
AND 
DIGITAL 


GROUND 
PlANES 
AT A SINGLE 
POINT AT 
THE BOARD EOGE. 


3. Offset Nulling 


Low pass filters may have too much DC offset for some 
users. A servo circuit may be used to actively null the off· 
sets of the LTC1064or any LTC switched capacitor filter. 
The circuit shown in Figure 4 will null offsets to better 
than 300/lV. This circuit takes seconds to settle because 
of the integrator pole frequency. 


0.22,.F 
T+l,.FTA 


10k 


4. Noise 


All the noise performance mentioned excludes the clock 
feedthrough. Noise measurements will degrade if, the 
already described grounding, bypassing, and buffering 
techniques are not practiced. Graph 9 is a very good repre· 
sentation of the noise performance of this device. 
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Mode 1 


In Mode 1, the ratio of the external clock frequency to the 
center frequency of each second order section is inter· 
nally fixed at 50:1or 100:1.Figure 5 illustrates Mode 1 pro· 
viding 2nd order notch, low pass, and bandpass outputs. 
Mode 1 can be used to make high order Butterworth low 
pass filters; it can also be used to make low Q notches and 
for cascading 2nd order bandpass functions tuned at the 
same center frequency with unity gain. Mode 1 is faster 
than Mode 3. Note that Mode 1 can only be implemented 
with 3 of the 4 LTC1064sections because section D has no 


10= l~~~~O); 
In=lo; 
HOLP= -f,; HOBP= -fJ- ;HON1= - f, 
a=-M 


Figure 5. Mode 1:2nd Order Filter Providing Notch, Bandpass, 
Low Pass 


externally available summing node. Section D, however, 
can be internally connected in Mode 1 upon special 
request. 


Mode 3 


Mode 3 is the second of the primary modes. In Mode 3,the 
ratio of the external clock frequency to the center fre· 
quency of each 2nd order section can be adjusted above 
or below 50:1 or 100:1.Side D of the LTC1064can only be 
connected in Mode 3. Figure 6 illustrates Mode 3, the 
classical 
state variable configuration, 
providing high 
pass, bandpass, and low pass second order filter func- 
tions. Mode 3 is slower than Mode 1. Mode 3 can be used 
to make high order all-pole bandpass, low pass, high pass 
and notch filters. 
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Figure 6. Mode 3: 2nd Order Filter Providing High Pass, 
Bandpass, 
Low Pass 


When the internal clock to center frequency ratio is set at 
50:1, the design equations for Q and bandpass gain are dif· 
ferent from the 100:1case. This was done to provide speed 
without penalizing the noise performance. 


Mode 1b 


Mode 1b is derived from Mode tin 
Mode 1b, Figure 7,two 
additional resistors R5 and R6,are added to alternate the 
amount of voltage fed back from the low pass output into 
the input of the SA (or S8 or SC) switched capacitor sum- 
mer. This allows the filter clock to center frequency ratio 
to be adjusted beyond 50:1 or 100:1. Mode 1b maintains 
the speed advantages of Mode 1. 


Mode2 


Mode 2 is a combination of Mode 1and Mode 3, as shown 
in Figure 8. With Mode 2, the clock to center frequency 
ratio, fCLK/fo,is always less than 50:1 or 100:1.The advan· 
tage of Mode 2 is that it provides less sensitivity to resis- 
tor tolerances than does Mode 3.As in Mode 1,Mode 2 has III 


HON,(f-O)-HON2 
(,_ 
fCLK) 
- 
R2. H 
_ 
-R2/Rl 
. 


- 
2 
--AT' 
OLP-R6/(RS+R6)' 


Figure 7. Mode 1b: 2nd Order Filler Providing Notch, Bandpass, 
Low Pass 


LTC1064 


a notch output which depends on the clock frequency, and 
the notch frequency is therefore less than the center fre· 
quency, fa. 


When the internal clock to center frequency ratio is set at 
50:1,the design equations for Q and bandpass gain are dif· 
ferent from the 100:1case. 


Mode3A 


This is an extension of Mode 3 where the high pass and 
low pass output are summed through two external resis· 
tors Rh and RI to create a notch. This is shown in Figure 9. 
Mode 3A is more versatile than Mode 2 because the notch 


frequency can be higher or lower than the center fre· 
quency of the 2nd order section. The external op amp of 
Figure 9 is not always required. When cascading the sec· 
tions of the LTC1064,the high pass and low pass outputs 
can be summed directly into the inverting input of the next 
section. The topology of Mode 3A is useful for elliptic high 
pass and notch filters with clock to cutoff frequency ratios 
higher than 100:1.This is often required to extend the al· 
lowed input signal frequency range and to avoid prema· 
ture aliasing. 


When the internal clock to center frequency ratio is set at 
50:1, the design equations for Q and bandpass gain are dif· 
ferent from the 100:1case. 
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z 
~ -20 


RI2 


Rh2 


Rh3 


R12 


R22 
R23 


R32 
R33 


R42 
R43 


RI3 


~ 


v ~ 
-5V10-BV 


5V TO BV 
elK 
lB 
128MHz 
~ 


SOll00 
17 
TO V-+ 


LPD 
16 
R44 


R31 
BPO 
15 
R34 


R21 


HPO 
14 
R24 
HPAINA 
Rll 
12 
INV 0 
13 
V,. 
INV A 


Vs= 
±SV 


'elK= 
1 28MHz 


PIN 17 AT V + 


I 
I 


R11=4695k 
R21=lQk 


R12=9393k 
A22=lQk 
Rh2 =6 
9k 


R23=163k 


R31 0:=38 25k 


R32=81Sk 
RI:?= 27 46k 


R33 = 70 3k 
Rh3 =69 llc 


R34 = 39 42k 


R4J = 10k 


RIJ = 17 9k 


R44 = 10 Sk 


NOTE 
1 
THE v 
+ 
v 
PINS 
SHOULD 
BE BYPASSED 
WITH 
A 0 lj1.f-O 
22j1.F CERAMIC 
DISC 
RIGHT 


AT THE PINS 
NOTE 
'1 
THE 
RATIOS 
OF ALL 
rR2IR41 
RESISTORS 
SHOULD 
BE MATCHED 
TO BETIER 
THAN 
0 25°4 


THE 
REMAINING 
RESISTORS 
SHOULD 
BE BETIER 
THAN 
0 50ft ACCuRATE 


C·Message Filter 


R13 


INV B 
24 
INV C 


23 
R23 
HPB/NB 
HP(/NC 


22 
R33 
BPB 
BPC 


LPB 


8 


V· 
~ 


LPA 
LPO 


10 
SPA 
BPO 
15 
R34 


11 
14 
R24 


HPAINA 
"PO 


'2 
lNV 
A 


13 
!NV 0 


-20 
~ 
~ -30 
~ 


Rll 
=88 
lk 


R1L' = 10k 


Rl3= 
1~ 8k 
Rt4= '5 8k 


R21 = 10k 
R2:?=4481c 
J:l23_489k 


R24=448k 


R31=351k 


R32 = 33 2' 
RJ3 -63 
~k 
R34=1551i 


R4' =88 
lk 


R42=249' 
R43,.,255k 
R44=249k 


8th Order Chebyshev Low Pass Filter with a Passband 
Ripple 01O.1dB and Cutoll Frequency up to 100kHz 


14 
INV B 
INV C 
R11 
1 
HPB/NB 
HPe/NC 
13 


R13 


R31 
3 
11 
R33 
BPB 
BPe 
R11 
R41 
lPB 
! 
? 
~ 


R41 


R31 
R34 
HPC 
Rll 
R11 
13 
R14 
V,. 
INVA 
INV 0 


RESISTOR 
VALUES 


Rll 
= 100.B6k 
R11 = 16.75k 
R31 =13.6k 
R41 =99.73k 


R11 =15.71k 
R11 =10.93k 
R31=45.1k 
R41=1551k 


R13=16.61k 
R13=10.lBk 
R33=6B.15k 
R43=99.B3k 


R14 = 13.84k 
R24=11.52k 
R34=17.72k 
R44=25.42k 


NOTE 
1. FOR fClK>3MHz, 
ADO C2= 
10pF ACROSS 
R42 
C3 = 10pF ACROSS 
R43 


C4 = 10pF ACROSS 
R44 


WIOEBANO 
NOISE = 170,VRMS 


8th Order Clock Sweepable Low Pass 
Elliptic Antlaliaslng Filter 


Rhl 


RI1 


Rh1 


RI1 


1 
'-I' 
14 
Rll 


R11 
1 
13 
R11 


R31 
3 
11 
R31 


R41 
4 
11 
R41 


n=i 


10 


i8 
~ 
...L., 
7.5V 


7.5V 
7 
g 
~IClK"1MHZTO.1,F 
.~~ 
~-7.5V 
':" 


':" 
':" 
9 
16 
R44 


R43 
10 
15 
R34 


R33 
11 
14 
R14 


R13 
11 
13 


Your 
RI3 


Rh3 


RESISTOR 
VALUES 


All 
=19 
lk 
R21 =10k 
Rhl=309k 
Rll=14k 


R41=101k 
Rh1=76Bk 


R31 =13 
7k 


R11=lOk 


R12=267k 
R33 =84 5k 
Rh3=6O 
1k 


R24= 
15.4k 


NOTE: 
FOR 'CUTOFF> 
15kHz, 
ADD A 5pF 


CAPACITOR 
ACROSS 
R41 AND R43 


R41 = 154k 


R31=137k 


R13=11 
3k 
R43=10k 
R13=10k 


R34 = 15.1k 


I 


I 
\ 


Vs= 
~BV 
\ 


'ClK=5MHz 
PASSBAND 
RIPPLE=0.1dB 
\ 


1\ 


III 


-30 
in 
"'-z-45 
~ 
-60 


\ 
\ 
V '\/ 


~-45dB 
1; 
~-6OdB 


-105dB 
o 
10k 
10k 
30k 
40k 
50k 
60k 
70k 


FREOUENCY 
(HZ) 


BTH ORDER CLOCK SWEEPABlE 
lOW 
PASS 
ELLIPTIC 
ANTIALIASING 
FILTER 
MAINTAINS, 


fOR O.lHzsfCUTOws20kHz. 
A ±O.ldB 
MAX. 


PASSBAND 
ERROR AND 71dB 
MIN. 
STOPBAND 


ATIENUATION 
AT 1.5 xlCUTOFF. 


TOTAL WIOEBANO 
NOISE = 150,VRMS, 


THO=7OdB 
(0.03%) 
FOR V,.=3VRMS, 


IClK/tcUTOFF= 
100: 1. THIS 
FILTER 
AVAILABLE 
AS LTC1064·1 
WITH 
INTERNAL 
THIN 
FILM 


RESISTORS. 


R13 


R12 
1 INV B 
24 
VINl 
INV C 
R22 


2 HPB/NB HPC/NC 23 
R23 


R32 
3BPB 
22 
R33 
BPC 
R42 
4 
R43 
LPB 


S SB 


6 AGNO 


":' 7 V+ 


~0.1,.F8 
SA 


- 
9 LPA 


R41 
10 BPA 


R31 
11 


LPO 


BPO 1s 
R44 


14 
R34 
HPO 
13 
R24 
INV 0 


R14 


LPC 


SC 


~ 


V- 


S 
CLK 


50/100 


-BV 


~OI,.F 


R11~14.3k 
RI2~IS.4k 
RI3=3.92k 
RI4=3.92k 


R21=13k 
R22~1S.4k 
R23~20k 
R24=20k 


R31=7.Sk 
R32~7.Sk 
R33=27.4k 
R34~6.Bk 


R41=10k 
R42=10k 
R43~40k 


R44= 
10k 


8th Order Linear Phase (Bessel) Filter with 
f ~C~B =¥ 


R12 


Rl1 
1 INV B 
24 
V,. 
INV C 
R21 


2 HPBINB 
23 
R22 
HPC/NC 
R31 
3 BPB 
22 
R32 
BPC 


R41 
4 


LPB 
LPC 


S SB 
SC 
6 
§ 
AGNO 
V- 
-SV TO -8V 


SVTOBV 
":" 7 
V+ 
CLK 
~01,.F 


-::r0.1,.F 8 
s 


':' 
SA 
Your 
9 LPA 


R43 


10 BPA 
BPO 
R33 
11 
14 
R34 
HPAINA 
HPO 


FROM 
R13 
R23 
12 
13 
R24 


PIN 20 
INVA 
INV 0 


R14 


R11=34.8k 
R12=10.Sk 
R13~12.7k 
R14=2Ok 


R21=34.8k 
R22=4S.3k 
R23~34.8k 
R24~34.8k 


R31= 14.3k 
R32~22.1k 
R33=24.3k 
R34=13.3k 


R41~40.2k 
R42~39.2k 
R43=2Ok 
R44= 20k 


Vs= ±8V 
= 


::-fClK=7MHz 
.•...1\ 


in 
~-45 


~-60 


'"'\ 


1\ 


fClK=4.5MHz 
fClK=50% 
DUTY CYCLE 


r-f-3dB=70kHZ 


rs=, 
"',BV, I IIII 


C;;-30 


;- -45 
~ 
-60 


Dual 5th Order Chebyshev Low Pass Filter 
with 50kHz and 100kHz Cutoff Frequencies 


Rl3a 
R13b 
1 INV B 
24 
VIN2 
INVC 
C2 
R23 
2 HPB/NB HPCINC 23 
R24 


l000PFT 
R33 
3 
22 
R34 


BPB 
BPC 
R43 
4 
LPB 


5 S8 
6 
~ 


AGND 
V- 


BV 
V+ 
01,.F~ 
~ 


SA 


LPA 
R41 
10 BPA 


R31 
11 
14 
R22 


HPAINA 
HPO 
Rl1a 
Rl1b 
R21 
12 
13 
VINl 
INVA 
INV 0 


Cl 
R12 
l000PFT 


RESISTORVALUES 


Rll.=4.32k 
Rl1b=27.4k 
RI2~10.5k 
RI3a~3k 
RI3b~29.4k 
A14= 
10.5k 


R21 =11.8k 
R22=20k 
R23~11.8k 
R24~20k 


R31=29.4k 
R32=21.5k 
R33~29.4k 
R34~21.6k 


R41 =10k 
R42=31.6k 
R43~10k 
R44~31.6k 


Clock Tunable, 30kHz to 90kHz 8th Order Notch 
Filter Providing Notch Depth in Excess of 60dB 


C2 
R13 


R14 
INVC 24 


HPC/NC 23 


R23 


BPe 22 
R33 


LPC 21 


SC 20 


is 
V- 
19 
g 
CLK 18 
fClKSSMHz 


50/100 
17 


LPn 16 


BPO 15 
R44 


HPO 14 


R34 


Rll 
13 
R24 
V" 
INV 0 


Rll =50k 
RI2~15.4k 
R13=10k 
RI4~9.09k 
Rg=68.1k 


R21~5k 
R31=50k 
R22~lOk 
R32=88.7k 
R42~48.7k 
R23~ 10k 
R33~ lOOk 
R24=10k 
R34=63.4k 
R44=12.41r 
Rh4~10k(0.1%1 
RI4=10k(0.1%) 


Cl =C2=C3= 
ISpf 


THENOTCHDEPTHFROM5kHz TO 30kHz IS 50dB 
WIOEBANONOISE~300,VRMS 


pASSBANDRIPPLE= 0 2dB 


1\\ 
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•• 
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iii-40 
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~-60 
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-90 


-100 
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60k 
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I 
I I 


W 
Vs- ±8V 


I 
fClK=4MHz 


PACKAGE DESCRIPTion 
Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
2Head Ceramic DIP 
r-1 
,;,~, 


[ill rm lliJ I}il rID Ggw'x 


0295 
(7m)"u 


N Package 
24·LeadPlastic DIP 


L032S 
+0 025 
I 
0125 
(82!l5~~:r 
{3M'I~5J 


SO Package 
2Head Plastic SOIC 
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0014-0019 
(0356-0482) 
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0010-0029 
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P1NlIDENT,NOTCHONTOPAHOCAVITIES 


~~~;~~~I~GO~~~~G~HAER~~E 
"..YSESUPP\.IEO'MIH(lflWlIllOUf 
AMYOfTHEoPTlOHS 


• 8th Order Filter in a 14·Pin Package 
• 
No External Components 
• 
100:1Clock to Center Ratio 
• 
150/LVRMSTotal Wideband Noise 
• 0.03% THD or Better 
• 50kHz Maximum Corner Frequency 
• Operates from ±2.37V to ±8V Power Supplies 
• 
Passband Ripple Guaranteed Over Full Military 
Temperature Range 


• Antialiasing Filters 
• Telecom PCM Filters 


LTC1064-1 


Low Noise, 8th Order, Clock 
Sweepable 
Elliptic Lowpass Filter 


The LTC1064·1 is an 8th order, clock sweepable elliptic 
(Cauer) lowpass switched capacitor filter. The passband 
ripple is typically ±0.15dB, and the stopband attenuation 
at 1.5times the cutoff frequency is 68dB or more. 


An external TIL or CMOS clock programs the value of the 
filter's cutoff frequency. The clock to cutoff frequency ra· 
tio is 100:1. 


No external components are needed for cutoff frequen· 
cies up to 20kHz. For cutoff frequencies over 20kHz two 
low value capacitors are required to maintain passband 
flatness. The LTC1064·1features low wideband noise and 
low harmonic distortion 
even for input voltages 
up to 
3VRMS.In fact the LTC1064·1 overall performance com· 
petes with equivalent multi op amp RCactive realizations. 


The LTC1064·1is available in a 14·pin DIP or 16-pin surface 
mounted SOL package. 


The LTC1064·1is pin compatible with the LTC1064·2. 


8th Order Clock Sweepable Lowpass 
Elliptic Antialiasing Filter 


14 


LTC1064·1 
13 
R(h,l) 


COMP2' 


-BV 


CLOCK (TIL, 
:sSMHz) 


NOTE: THE POWER SUPPLIES SHOULD BE BYPASSED BY A O.1.F 
CAPACITOR CLOSE TO THE PACKAGE. 


FOR SERVO OFFSET NULLING APPLICATIONS, 
PIN 1 IS THE 2ND 


STAGE SUMMING 
JUNCTION. 


'FOR CUTOFF FREQUENCY ABOVE 20kHz, 
USE COMPENSATION 


CAPACITORS (SpF-56pFj 
BETWEEN PINS 13 AND 1 AND 6 AND 7. 


\ 
\ 
\ 


rv ,f7 


z -3OdB 
:> 
'§; -45dB 
~ 
-60dB 


8TH ORDER CLOCK SWEEPABLE 
LOWPASS ELLIPTIC ANTIALIASING 
FILTER MAINTAINS, 
FOR O.lHz:sfcUTOWsl0kHz. 
a ±O.l5dB 
PASSBAND RIPPLE AND 72dB STOPBAND ATIENUATION 
AT 


1.50xfCUTOFF· 
TOTAL WIOEBANO NOISE=l50.VRMS. 
THO=O.03% 
FOR 


VIN=lVRMS· 


Total Supply Voltage (V + to V -) 
16.5V 
Power Dissipation 
400mW 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 
Operating Temperature Range 
LTC1064·1M 
- 55°C to 125°C 
LTC1064·1C 
-40°C 
to 85°C 


ORDER PART 
NUMBER 


LTC1064·1MJ 
LTC1064·1CJ 
LTC1064·1CN 


ELECTRICAL CHARACTERISTICS 
Vs= ± 7.5V, fClK = 1MHz, RI = 10kO, CI= 10pF, TA =25°, TTL or CMOS clock input level unless otherwise 
specified. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Passband Gain, LTC1064·1, 1A 
Referenced to OdB, 1Hz to O.1fc 
• 
±0.1 
±0.35 
dB 
Gain TempCo 
0.0002 
dB/DC 


Passband Edge Frequency, fe 
10±1% 
kHz 


Gain at fe 
Referenced to Passband Gain 


LTC1064·1 
• 
-1.25 
0.85 
dB 
LTC1064·1A 
• 
-0.75 
0.65 
dB 


- 3dB Frequency 
10.7 
kHz 


Passband Ripple (Note 1) 
0.1fc to 0.85fc Referenced to Passband Gain, 


LTC1064·1 
Measured at6.25kHz and 805kHz 
• 
±0.15 
±0.32 
dB 
LTC1064·1A 
• 
±0.1 
±0.19 
dB 
Ripple TempCo 
0.0004 
dB/DC 
Stopband Attenuation 
At 1.5fe, Referenced to OdB 


LTC1064·1 
• 
66 
72 
dB 


LTC1064·1A 
• 
68 
72 
dB 
Stopband Attenuation 
At2fc, Referenced to OdB 
LTC1064·1 
• 
67 
72 
dB 


LTC1064·1A 
• 
68 
72 
dB 


Input Frequency Range 
0 
feLK/2 
kHz 


Output Voltage Swing and 
Vs- 
2.37V 
• 
-1.0 
1 
V 
Operating Input Voltage Range 
Vs= 
5V 
• 
-3.2 
3.2 
V 
Vs= 
7.5V 
• 
-5.0 
5.2 
V 


ELECTRICAL CHARACTERISTICS 
Vs = ± 7.SV, lClK = 1MHz, RI= 10kO,CI= 10pF, TA=2So, TTL or CMOS clock input level unless otherwise specified. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Total Harmonic Distortion 
Vs = ± 5V, Input = 1VRMSat 1kHz 
0.015 
% 


Vs= ± 7.5V, Input = 3VRMSat 1kHz 
0.03 
% 


Wideband Noise 
Vs = ± 5V, Input = GND 1Hz-999kHz 
150 
~VRMS 


Vs = ± 7.5V, Input = GND 1Hz-999kHz 
165 
~VRMS 


Output DC Offset 
Vs = ± 7.5V, Pin 2 Grounded 
lTC1064·1 
50 
175 
mV 
lTC1064-1A 
50 
125 
mV 
Output DC Offset TempCo 
Vs= ±5V 
-100 
~VloC 


Input Impedance 
10 
20 
kll 


Output Impedance 
four = 10kHz 
2 
II 


Output Short Circuit Current 
Source/Sink 
3/1 
mA 


Clock Feedthrough 
200 
~VRMS 


Maximum Clock Frequency 
50% Duty Cycle, Vs= ± 7.5V 
5 
MHz 


Power Supply Current 
Vs= ±2.37V 
• 
10 
16 
mA 
Vs= ±5V 
12 
18 
mA 
• 
22 
mA 
Vs= ±8V 
16 
22 
mA 
• 
28 
mA 


Power Supply Voltage Range 
• 
±2.37 
±8 
V 


The. 
denotes the specifications 
which apply over the full operating 
temperature 
range. 


Note 1: For tighter specifications 
please contact LTC Marketing. 


\ 


Vs= ±5V 
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, _j"BI1017~~zll 


-30 
~i'-45 
~ 
-60 


..... 
V~= ~5vl 
_ 


TA=25'C 


i"". 
'ClK=1MHz- 
'c=10kHz 
_ 


""'- 


"- 


...••.• 


'\ 
\. 


\ 


o 


-45 
-90 


~ -135 
~ -180 


~ -225 


~ -270 


-315 


-360 


-405 


-450 
100 
0 
1 
2 
3 
4 
5 
6 
7 
B 
9 
10 
11 
FREOUENCV(kHz) 


-Js=I±5J 


TA=25'C 
fClK=lMHz 
, =10kHz 


f\ 


J 
\ 


""" 


500 


450 
:% 400 
S 350 


~ 
300 


~ 
250 
o 
ffi 200 


150 


100 


50 
o 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 11 
12 


FREQUENCY(kHz) 


1\ 


Vs= 
±5V 
\ 


TA=125°f 
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C 


A I eLK= 2MHz 'e = 20kHz 
COMPI NOT USED COMP2 ~ 20pFI\-< 


B"CLK=3MHz 
'c=30kHz 
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;- -45 
~-60 


Graph 7. Typical Wide band Noise 
(151I'VRMS)VS= 
±5VTA=25°C 
IClK = 1MHz Ic = 10kHz Input Grounded 
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Vs~ 
± 7.5V 
-TA=25°C 


III 


A 
B 
C 


A. 'CLK~3MHz 
'e=30kHz 
COMPI=lOpFCOMP2=15pF 
f- 


B.ICLK~4MHz 
'c=40kHz 
COMPI =20pF 
COMP2=30pF 
C. 'CLK=5MHz 
'c=50kHz 
COMPI ~3DpF COMP2 =47pF 


ro 
~-45 
'i' 
'" -60' 


Graph 8. Total Harmonic 
Distortion 
(0.025%) Vs = ± 7.5V 
TA =25°C IClK = 1MHz Ic = 10kHz 
Input = 1kHz at 3VRMS 
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Vs= 
± 7.5V 
-10 
'CLK=5MHz 
ro 
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COMPI = 33pF 
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- 20 
A. 25°C GAIN PEAK=DAdB 
AT 30kHz 
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AT 35kHz 


Graph 9. Power Supply Current ys 
Power Supply Voltage 
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Power Supply Pins (4,12) 


The V+ (pin 4)and V- (pin 12)should be bypassed with a 
0.1JLFcapacitor to an adequate analog ground. Low noise, 
non,switching power supplies are recommended. To avoid 
latch up when the power supplies exhibit high turn·on 
transients, a 1N5817schottky diode should be added from 
the V+ and V- pins to ground, Figure 1. 


For ± 5V supplies the logic threshold level is 1.4V. For 
± BVand OV to 5V supplies the logic threshold levels are 


2.2V and 3V respectively. The logic threshold levels vary 
± 100mV over the full military temperature range. The 
recommended duty cycle of the input clock is 50% al- 
though for clock frequencies below 500kHzthe clock "on" 
time can be as low as 200ns. The maximum clock fre· 
quency for ± 5V supplies is 4MHz. For ± 7V supplies and 
above, the maximum clock frequency is 5MHz. Do not al- 
low the clock levels to exceed the power supplies. For 
clock level shifting, see Figure 3. 


Analog Ground Pins (3,5) 


For dual supply operation these pins should be connected 
to a ground plane. For single supply operation both pins 


should be tied to one half supply, Figure 2. Also pins 8 and 
10, although they are not internally connected should be 
tied to analog ground or system ground. This improves the 
clock feedthrough performance. 


Connection Pins (7,14) 


A very short connection between pins 14 and 7 is recom· 
mended. This connection should be preferably done under 
the IC package. In a breadboard, use a one inch, or less, 
shielded coaxial cable; the shield should be grounded. In a 
PC board, use a one inch trace or less; surround the trace 
by a ground plane. 


Compensation Pins (13and 1,6 and 7) 


For filter cutoff frequencies higher than 20kHz, in order to 
minimize the passband ripple, compensation capacitors 
should be added between pins 6 and 7 (comp1) and pins 1 
and 13 (comp2). For comp1 (comp2), add 1pF (1.5pF) mica 
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Figure 1. Using Schottky Diodes to Protect the Ie 
from Power Supply Spikes. 


capacitor for each kHz increase in cutoff frequency above 
20kHz. For more details refer to graphs 4, 5, and 6. 


Input, Output Pins (2,9) 


The input pin 2 is connected to an 18kl1resistor tied to the 
inverting input of an op amp. Pin 2 is protected against 
static discharge. The device's output, pin 9, is the output 
of an op amp which can typically source/sink 3/1mA. AI· 
though the internal op amps are unity gain stable, driving 
long coax cables is not recommended. 


When testing the device for noise and distortion, the out· 
put, pin 9, should be buffered, Figure 4. The op amp power 
supply wire (or trace) should be connected directly to the 
power source. 


NC Pins (8,9) 


The "no connection" pins preferably should be grounded. 
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Figure 2. Single Supply Operation. If Fast Power Up or Down 
Transients are Expected, Use a 1N5817 Schottky Diode 
Between Pins 4 and 5. 


14 
r- 
I 
13 


I 
12 
I 
I 
11 
lTC1064-1 


III 


7 
J 


Figure 4. Buffering the Filter Output. The Buffer Op Amp Should Not Share the 
LTC1064-1 Power Lines. 


TYPICAL APPLICATiOnS 


Transitional Elliptic·Bessel10th 
Order Lowpass Filter 
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Adding an Output Buffer·Filter to Eliminate Any Clock Feedthrough 
Over a 10:1 Clock Range, lor Ie = 2kHz to 20kHz 
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SECTion 
a-InSTRumEnTATion 
AmPLIFIERS 


INDEX. 


PROPRIETARY PRODUCTS 


LTCI043, Duallnstrumentation Switched-Capacitor Building Block. 
. . . . . . . . . . . . . . . . . . 
. ........•. 


LTC1100, Precision, SingleSupply,lnstrumentationAmplifier(FixedGain 
= 100) 
. 


LTli 01, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain= 10or 100) 


LTII02, 
High Speed, JFETInputlnstrumentationAmpfifier(FixedGain 
= 100r 100). 
. 
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13-48 


SECTion9-DATA conVERSion 


INDEX 
. 


SELECTION 
GUIOE 
. 


PROPRIETARY PRODUCTS 


LTCI090. Single Chip IO-BitDataAcquisition Syslem 


LTCI091, I-Channel, IO-BitSeriaff 10 OataAcquisition Syslem . 


LTCI092, 2-Channel, 10-Bit Serial 110DataAcquisition System 


LTCI093, 6-Channel, IO-BitSerial 110DataAcquisition System 


LTCI094,8-Channel. 
10-BitSeriaffIODataAcquisitionSystem 
. 


LTC1095. Complete IO-Bit DataAcquisition System with OnBoard Reference 


LTCI099. High Speed 8-Bit AID Converter with Built-In Sample-and-Hold 
. 


LTCI290, Single Chip 12-Bit DataAcquisition Syslem 


LTCI291, I-Channel, 12-BitSeriaffl0 
DataAcquisition System 
. 


LTCl292,2-Channel, 
12-Bit SeriafflO DataAcquisilion Syslem 
. 


LTCI293, 6-Channel, 12-Bit SeriafflO DataAcquisition System 
. 


LTC1294, 8-Channel. 12-Bit SerialllO DataAcquisition System . 


SECOND SOURCE PRODUCTS 


LF198A/LF398A, Precision Sampleand HoldAmplifier 
. 


LF198/LF398. Precision Sampleand Hold Amplifier. 


LF398S8, Precision Sampleand HoldAmplifier 
. 
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TOTAL UNADJUSTED 
CONVERSION 
MAXIMUM 
PACKAGES 
PART NUMBER 
DESCRIPTION 
RESOLUTION 
ERROR 
TIME 
SUPPLY CURRENT 
AVAILABLE 
IMPORTANT 
FEATURES 


LTC1090C,M 
10 Bit Serial I/O, Analog to 
10Bits 
± 1I2LSB (LTC1090A) 
22~s 
2.5mA 
J,N,S 
10 Bit A to 0 with Built In 8 
Digital Converter with 8 
Over Full 
Channel Analog MUX and 
Channel Multiplexer. 
Full 
Temperature Range 
Sample/Hold. 
Compatible 
with 
Duplex 8eriallnterface. 
All Microprocessors 
with Serial 
Ports. Software Configurable 
Bipolar or Unipolar Operation. 
Full Duplex 8eriall/O. 


LTC1091C, M 
10 Bit 8eriall/O, 
Analog to 
10Bits 
± 1I2LSB (LTC1091A) 
2O~s 
3.5mA 
J8, N8 
10 Bit A to 0 with Built In 2 
Digital Converter with 2 
Over Full 
Channel Analog MUX and 
Channel Analog Multiplexer 
Temperature Range 
Sample/Hold. 
Compatible 
with 
All Microprocessors 
with Serial 


Ports. Unipolar Operation. 


LTC1092C,M 
10 Bit, 8 Pin Analog to Digital 
10 Bits 
± 1I2LSB (LTC1092A) 
2O~s 
2.5mA 
J8, N8 
Separate Reference Pin Allows 


Converter with Serial Output 
Over Full 
Reduced Span (Down to 2OOmV) 
Temperature Range 
Operation. Unipolar A to 0 
Conversions are Performed on 
a Differential 
input Pair. 


Compatible 
with All 
Microprocessors 
with Serial 
Ports. 


LTC1093C,M 
10 Bit Serial I/O, Analog to 
10Bits 
± 1I2LSB(LTC1093A) 
20~s 
2.5mA 
J,N 
10 Bit A to 0 with Built In 6 
Digital Converter with 6 
OverFull 
Channel Analog MUX and 
Channel Multiplexer 
Temperature Range 
Sample/Hold. 
Compatible 
with 
All Microprocessors 
with Serial 
Ports. Software Configurable 
Bipolar or Unipolar Operation. 
Half Duolex 8eriall/O. 


LTC1094C, M 
10 Bit 8eriall/O, 
Analog to 
10 Bits 
± 1/2LSB (LTC1094A) 
2O~s 
2.5mA 
J,N 
10 Bit A to 0 with Built In 8 
Digital Converter System with 8 
OverFull 
Channel Analog MUX and 
Channel Multiplexer 
Temperature Range 
Sample/Hold. 
Compatible 
with 
All Microprocessors 
with Serial 
Ports. Software Configurable 
Bipolar or Unipolar Operation. 
Half Duolex Serial I/O. 
LTC1099C, M 
8 Bit, 2~s Analog to Digital 
8 Bits 
±lLSB 
2~s 
15mA 
J, N,S 
Built In S/H Allows Direct 
Converter with Built In Sample- 
Over Full 
Conversion of 5Vp·p Signals up 
and·Hold 
Temperature Range 
to 167kHz. Pin Compatible 
with 
ADC0820 and AD7820. 


LTC129OC,M 
12 Bit, 8eriall/O, 
Analog to 
12 Bits 
±1LSB 
13~s 
5mA 
J, N,S 
12 Bit ADC with Built In 8 
Digital Converter with 8 
Over Full 
Channel Analog MUX and 
Channel Multiplexer. 
Full 
Temperature Range 
Sample/Hold. 
Compatible 
with 
Duplex 8eriallnterface. 
All Microprocessors 
with Serial 
Ports. Software Configurable 
Bipolar or Unipolar Operation. 
Full Duplex 8eriall/O. 


• 
Software Programmable 
Features: 


Unipolar/Bipolar 
Conversions 
4 Differential/8 
Single Ended Inputs 
MSB or LSB First Data Sequence 
Variable Data Word Length 
• 
Built-In Sample and Hold 
• 
Single Supply 5V, 10Vor ± 5V Operation 
• 
Direct 4 Wire Interface to Most MPU Serial Ports and All 
MPU Parallel Ports 
• 
30kHz Maximum Throughput 
Rate 


• 
Resolution 
• 
Total Unadjusted 
Error (LTC1090A) 
• 
Conversion Time 
• 
Supply Current 


10 Bits 
± 1/2LSB Max 
22/1s 
2.5mA Max, 1.0mA Typ 


LTC1090 


Single Chip lO-Bit Data 
Acquisition System 


DESCRIPTiOn 


The LTC1090 is a data acquisition 
component 
which con- 
tains a serial I/O successive 
approximation 
AID converter. 


It uses LTCMOSTM switched 
capacitor 
technology 
to per- 
form either 10-bit unipolar, 
or 9~bit plus sign bipolar 
AID 
conversions. 
The 8-channel 
input multiplexer 
can be con- 
figured 
for either single 
ended or differential 
inputs 
(or 
combinations 
thereof). An on-chip sample and hold is in- 
cluded for all single ended input channels. 


The serial I/O is designed 
to be compatible 
with industry 
standard full duplex serial interfaces. 
It allows either MSB 
or LSB first data and automatically 
provides 2's comple- 
ment output coding in the bipolar mode. The output data 
word can be programmed 
for a length of 8,10,12 or 16 bits. 


This allows easy interface 
to shift registers 
and a variety 
of processors. 


The LTC1090A is specified 
with total unadjusted 
error (in- 
cluding the effects of offset, linearity 
and gain errors) less 
than ± 0.5LSB. 


The LTC1090 is specified 
with offset 
and linearity 
less 
than ± 0.5LSB but with a gain error limit of ± 2LSB for ap- 
plications 
where gain is adjustable 
or less critical. 


LTCMOS is a trademark of LinearTechnology 
Corp . 


LTC1090 


} 


DIFFERENTIAL 
INPUT 
• 


(Noles 1 and 2) 


SupplyVoltage(Vcc)toGNDorV- 
, 
12V 
Negative Supply Voltage (V-) 
-6V 
to GND 


Voltage 
Analog and Reference 
Inputs 
(V -) - 0.3V to Vcc + 0.3V 
Digital Inputs 
- 0.3V to 12V 
Digital Outputs 
, 
- 0.3V to Vcc + 0.3V 
Power Dissipation 
500mW 
Operating 
Temperature 
Range 
LTC1090AC, LTC1090C 
- 40°C to 85°C 
LTC1090AM, LTC1090M 
- 55°C to 125°C 
Storage Temperature 
Range 
- 65°C to 150°C 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


ORDER PART 
NUMBER 


LTC1090AMJ 
LTC1090MJ 
LTC1090ACJ 
LTC1090CJ 
LTC1090ACN 
LTC1090CN 


LTC1090lLTC1090A 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNITS 


Vcc 
Positive Supply Voltage 
V- = OV 
4.5 
10 
V 
V- 
Negative Supply Voltage 
Vcc= 5V 
- 5.5 
0 
V 


fSCLK 
Shift Clock Frequency 
Vcc= 5V 
0 
1.0 
MHz 


fACLK 
AID Clock Frequency 
Vcc=5V 
fSCLK 
2.0 
MHz 


tCYC 
Total Cycle Time 
See Operating Sequence 
10SCLK+ 
Cycles 
48 ACLK 


thcs 
Hold Time, CS Low After Last SCLKI 
Vcc= 5V 
0 
ns 


thOI 
Hold Time, DINAfter SCLK I 
Vcc= 5V 
150 
ns 


tsucs 
Setup Time CSI Before Clocking in First Address Bit (Note 9) 
Vcc= 5V 
2 ACLK Cycles 
+1~s 


tsuOI 
Setup Time, DINStable Before SCLK I 
Vcc = 5V 
400 
ns 


tWHACLK 
ACLK High Time 
Vcc= 5V 
127 
ns 


tWLACLK 
ACLK Low Time 
Vcc= 5V 
200 
ns 


tWHcs 
CS High Time During Conversion 
VCC= 5V 
44 
ACLK 
Cycles 


LTC1090A 
LTC1090 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Offset Error 
(Note 4) 
• 
+0.5 
+0.5 
LSB 
Linearity Error 
(Notes 4 and 5) 
• 
+0.5 
+0.5 
LSB 


Gain Error 
(Note 4) 
• 
+0.5 
+2.0 
LSB 


Total Unadjusted Error 
VREF = 5.000V 
• 
±O.5 
LSB 


(Notes 4 and 6) 


LTC1090A 
LTC1090 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Reference Input Resistance 
10 
10 
kll 


Analog and REF Input Range 
(Note 7) 
(V 
) - 0.05V to Vcc+ 0.05V 
V 


On Channel Leakage Current 
On Channel = 5V 
• 
1 
1 
~A 
(Note 8) 
Off Channel = OV 


On Channel = OV 
• 
-1 
-1 
~A 


Off Channel = 5V 


Off Channel Leakage Current 
On Channel = 5V 
• 
-1 
-1 
~A 


(Note 8) 
Off Channel = OV 


On Channel = OV 
• 
1 
1 
~A 
Off Channel = 5V 


LTC1090/LTC1090A 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


tAcc 
Delay Time From CSI to Dour Data Valid 
(Note 9) 
2 
ACLKCycles 


tSMPL 
Analog Input Sample Time 
See Operating Sequence 
5 
SCLKCycles 


tCONV 
Conversion Time 
See Operating Sequence 
44 
ACLKCycles 


tdDO 
DelayTime, SCLKI to Dour Data Valid 
See Test Circuits 
• 
250 
450 
ns 


tdiS 
Delay Time, CSI to Dour Hi·Z 
See Test Circuits 
• 
140 
300 
ns 


ten 
DelayTime, 2nd CLKI to Dour Enabled 
See Test Circuits 
• 
150 
400 
ns 


thDO 
Time Output Data Remains Valid After SCLKI 
50 
ns 


tf 
Dour Fall Time 
See Test Circuits 
• 
90 
300 
ns 


t, 
Dour Rise Time 
See Test Circuits 
• 
60 
300 
ns 


CIN 
Input Capacitance 
Analog Inputs On Channel 
65 
pF 


Off Channel 
5 
pF 


Digital Inputs 
5 
pF 


LTC1090/LTC1090A 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


V1H 
High Level Input Voltage 
Vcc=5.25V 
• 
2.0 
V 


V1L 
Low Level Input Voltage 
Vcc=4.75V 
• 
0.8 
V 


IIH 
High Level Input Current 
V1N= Vcc 
• 
2.5 
~A 


IlL 
Low Level Input Current 
VIN=OV 
• 
-2.5 
~A 


VOH 
High Levei Output Voltage 
Vcc = 4.75V, 10= 10~A 
4.7 
V 
10=360~A 
• 
2.4 
4.0 
V 


VOL 
Low Level Output Voltage 
Vcc=4.75V, 
10= 1.6mA 
• 
0.4 
V 


loz 
Hi·Z Output Leakage 
Your = Vcc~S 
High 
• 
3 
~A 
Your = OV,CS High 
• 
-3 
~A 


ISOURCE 
Output Source Current 
Vour=OV 
-10 
mA 


ISINK 
Output Sink Current 
Vour=Vcc 
10 
mA 


Icc 
Positive Supply Current 
CS High, REF+Open 
• 
1.0 
2.5 
mA 


IREF 
Reference Current 
VREF=5V 
• 
0.5 
1.0 
mA 


1- 
Negative Supply Current 
CS High, V 
= -5V 
• 
1 
50 
~A 


Note1: 
Absolute maximum ratings are those values beyond which the life 


of a device may be impaired. 
Note 2: All voltage values are with respect to ground with DGND, AGND 
and REF- wired together (unless otherwise noted). 
Note 3: Vcc=5V, VREF+ =5V, VREF- 
=OV, V- =OV for unipolar mode and 


- 5V for bipolar mode, ACLK= 2.0 MHz, SCLK = 0.5MHz unless otherwise 
specified. The. 
indicates specs which apply over the full operating tem· 


perature range; all other limits and typicals TA = 25°C. 
Note 4: These specs apply for both unipolar and bipolar modes. In bipolar 
mode, one LSB is equal to the bipolar input span (2VREF) divided by 1024. 
For example, when VREF = 5V, 1LSB (bipolar) = 2(5V)/1024 = 9.77mV. 
Note 5: Linearity error is specified between the actual end points of the AID 
transfer curve. 
Note 6: Total unadjusted error includes offset, gain, linearity, multiplexer 
and hold step errors. 


Note 7: Two on-chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 
below V- or one diode drop above Vcc. Be careful during testing at low Vcc 
levels (4.5V),as high level reference or analog inputs (5V)can cause this in- 
put diode to conduct, especially at elevated temperatures, and cause errors 
for inputs near full-scale. This spec allows 50mV forward bias of either 
diode. This means that as long as the reference or analog input does not ex- 
ceed the supply voltage by more than 50mV, the output code will be correct. 
To achieve an absolute OVto 5V input voltage range will therefore require a 
minimum supply voltage of 4.950Vover initial tolerance, temperature varia· 
tions and loading. 
Note 8: Channel leakage current is measured after the channel selection. 
Note 9: To minimize errors caused by noise at the chip select input, the in- 
ternal circuitry waits for two ACLK falling edges after a chip select falling 
edge is detected before responding to control input signals. Therefore, no 
attempt should be made to clock an address in or data out until the mini- 
mum chip select setup time has elapsed. 
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OFF 
CHANNELS 


SCLK 
'_8_v 
_ 


____ 
t_ 


dDO 
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-2AV 
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Dour 
WAVEFORM 
1 


(SEE NOTE 1) 


Dour 
WAVEFORM 
2 


(SEE NOTE 2) 


NOTE 1: WAVEFORM 
1 IS FOR AN OUTPUT WITH 
INTERNAL 
CONDITIONS 
SUCH THAT THE OUTPUT 
IS HIGH UNLESS 
DISABLED 
BY THE OUTPUT CONTROL. 


NOTE 
2: 
WAVEFORM 2 IS FOR AN OUTPUT WI I H INTERNAL 
CONDITIONS 
SUCH THAT THE OUTPUT 
IS LOW UNLESS 
DISABLED 
BY THE OUTPUT CONTROL. 


TEST POINT 
1;'OOPF 


# 
PIN 
FUNCTION 
DESCRIPTION 


1-8 
CHO-CH7 
Analog Inputs 
The analog inputs must be free of noise with respect to AGND. 
9 
COM 
Common 
The common pin defines the zero reference point for all single ended inputs. It must be free of 
noise and is usually tied to the analog ground plane. 
10 
DGND 
Digital Ground 
This is the ground for the internal logic. Tie to the ground plane. 
11 
AGND 
Analog Ground 
AGND should be tied directly to the analog ground plane. 
12 
V- 
Negative Supply 
Tie V- to most negative potential in the circuit. (Ground in single supply applications.) 


13,14 
REF- 
REF+ 
Reference Inputs 
The reference inputs must be kept free of noise with respect to AGND 
15 
CS 
' 
Chip Select Input 
A logic low on this input enables data transfer. 


16 
DOUT 
Digital Data Output 
The AID conversion result is shifted out of this output. 


17 
DIN 
Data Input 
The AID configuration word is shifted into this input. 


18 
SCLK 
Shift Clock 
This clock synchronizes the serial data transfer. 


19 
ACLK 
AID Conversion Clock 
This clock controls the AID conversion process. 
20 
Vcc 
Positive Supply 
This supply must be kept free of noise and ripple by bypassing directly to the analog ground 
plane. 


ANALOG 
INPUT 
MUX 


10-BIT 
CAPACITIVE 
OAC 


1 
10 


OGNO 
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The LTC1090 is a data acquisition 
component 
which con· 
tains the following 
functional 
blocks: 


1. 10·bit successive approximation 
capacitive 
AID converter 
2. Analog multiplexer 
(MUX) 
3. Sample and hold (S/H) 
4. Synchronous, 
full duplex serial interface 
5. Control and timing logic 


1. Serial Interface 


The LTC1090 communicates 
with 
microprocessors 
and 
other external circuitry via a synchronous, 
full duplex, four 
wire serial interface 
(see Operating 
Sequence). The shift 
clock (SCLK) synchronizes 
the data transfer with each bit 
being transmitted 
on the falling SCLK edge and captured 
on the rising SCLK edge in both transmitting 
and receiving 
systems. The data is transmitted 
and received simultane- 
ously (full duplex). 


Operating 
Sequence 
(Example: Differential 
Inputs (CH3-CH2), 
Bipolar, MSB First and 10·Bit Word Length) 


I----tsMPl-~f___tCONV-l 


cs l 
1 
1 
----'1 


APPLICATions INFoRmATion 


Data transfer 
is initiate~by 
a falling 
chip select 
(CS) 
signal. After the falling 
CS is recognized, 
an 8-bit input 
word is shifted 
into the DIN input which configures 
the 
LTC1090 for the next conversion. 
Simultaneously, 
the re- 
sult of the previous conversion 
is output on the Dour line. 


At the end of the data exchange the requested conversion 
begins and CS should 
be brought 
high. After tCONV,the 
conversion 
is complete and the results will be available on 
the next data transfer cycle. As shown below, the result of 
a conversion 
is delayed by one CS cycle from the input 
word requesting 
it. 


D,N 
ID,NWord 1 
I 
ID,NWord 2 I 


Dour 
IDour Word 0 I 
IDour Word 1 I 
hData~ 
t~~v-h Data ~ 
t~~v 


Transfer 
Conversion 
Transfer 
Conversion 


IDINWord 3 I 


IDour Word 2 I 


2. Input Data Word 


The LTC1090 8-bit input data word is clocked 
into the DIN 


input on the first eight rising SCLK edges after chip select 
is recognized. 
Furth~nputs 
on the DIN pin are then ig- 
nored until the next CS cycle. The eight bits of the input 
word are defined as follows: 


LTC1090 


Multiplexer 
(MUX) Address 


The first four bits of the input word assign the MUX con- 
figuration 
for the requested conversion. 
For a given chan- 
nel selection, 
the converter 
will 
measure 
the voltage 
between the two channels indicated by the + and - signs 
in the selected 
row of Table 1. Note that in differential 
mode (SGLlDIFF = 0) measurements 
are limited 
to four 
adjacent 
input pairs with either polarity. 
In single ended 
mode, all input channels 
are measured 
with 
respect 
to 
COM. 
Figure 
1 shows 
some 
examples 
of 
multiplexer 


assignments. 


MUXADDRESS 
DIFFERENTIAL CHANNEL SELECTION 


SGLI 
0001 
SELECT 
DIFF 
SIGN 
1 
0 
0 
1 
2 
3 
4 
5 
6 
7 


0 
0 
0 
0 
+ 
- 


0 
0 
0 
1 
+ 
- 


0 
0 
1 
0 
+ 
- 


0 
0 
1 
1 
+ 
- 


0 
1 
0 
0 
- 
+ 


0 
1 
0 
1 
- 
+ 
0 
1 
1 
0 
- 
+ 


0 
1 
1 
1 
- 
+ 


MUXADDRESS 
SINGLE ENDED CHANNEL SELECTION 


SGLI 
0001 
SELECT 
DIFF 
SIGN 
1 
0 
0 
1 
2 
3 
4 
5 
6 
7 
COM 


1 
0 
0 
0 
+ 


1 
0 
0 
1 
+ 
- 


1 
0 
1 
0 
+ 
- 


1 
0 
1 
1 
+ 
- 


1 
1 
0 
0 
+ 
1 
1 
0 
1 
+ 


1 
1 
1 
0 
+ 
- 


1 
1 
1 
1 
+ 
- 


4 Differential 
8 Single Ended 
Combinations 
of Differential 
and Single Ended 


CHANNEL 
CHANNEL 
CHANNEL 


0,11 
+ (-) 
0 
+ 
01 
1 


+ 


- (+) 
1 
+ 


2 
+ 


2.31 
2,31 
+ i-) 
3 
+ 
- (+) 
+ 
4 
+ 


4,51 
+ (-) 
5 
+ 
+ 
- (+) 
6 
+ 
+ 


7 
+ 
+ 


6.71 
+ (-) 
+ 
- (+) 
COM (-) 
COM (-) 


':' 
':' 


Changing the MUX Assignment 
"On the Fly" 


4,51 
+ 


6,71 
+ 


COM (UNUSED) 


':' 


1ST CONVERSION 


Unipolar/Bipolar 
(UNI) 


The fifth input bit (UNI) determines whether the conversion 
put voltage. When UNI is a logical zero, a bipolar conver- 
will be unipolar or bipolar. When UNI is a logical one, a 
sion will result. The input span and code assignment 
for 
unipolar conversion will be performed on the selected in- 
each conversion type are shown in the figures below. 


Unipolar Output Code (UNI = 1) 


0000000001 


0000000000 
OV 
1LSB 
VREF-2LSB: 
VREF 


I 


VREF-1LSB 


-VREF: 
lLSB 


I 


-VREF 
I 


VREF-2LSB, 
VREF 
,, 


VREF-1LSB 


INPUT VOLTAGE 
OUTPUT CODE 
INPUT VOLTAGE 
(VREF=5V) 


1111111111 
VREF-1 LSB 
4.9951V 
1111111110 
VREF-2LSB 
4.9902V 
· 
· 
· 
· 
· 
· 
· 
· 
· 
0000000001 
1LSB 
0.0049V 
0000000000 
OV 
OV 


INPUT VOLTAGE 
OUTPUT CODE 
INPUT VOLTAGE 
(VREF=5V) 


0111111111 
VREF-1LSB 
4.9902V 
0111111110 
VREF-2LSB 
4.9805V 
· 
· 
· 
· 
· 
· 
· 
· 
· 
0000000001 
1LSB 
0.0098V 
0000000000 
OV 
OV 
1111111111 
-1LSB 
-0.OO98V 
1111111110 
-2LSB 
-0.0195V 
· 
· 
· 
· 
· 
· 
· 
· 
· 
1000000001 
- (VREF)+ 1LSB 
-4.9902V 
1000000000 
- (VREF) 
-5.000V 


MSB First/LSB 
First Format (MSBF) 


The output 
data of the LTC1090 is programmed 
for MSB 
first or LSB first sequence 
using the MSBF bit. For MSB 
first output 
data the input word clocked 
to the LTC1090 
should always contain 
a logical one in the sixth bit loca· 
tion (MSBF bit). Likewise for LSB first output data, the in· 
put word clocked to the LTC1090 should always contain a 
zero in the MSBF bit location. The MSBF bit in a given DIN 
word will control 
the order of the next Dour word. The 
MSBF bit affects 
only the order of the output data word. 
The order of the input word is unaffected 
by this bit. 


MSBF 
OUTPUT FORMAT 


0 
LSB First 


1 
MSB First 


Word Length (WL 1, WLO) 


The last two bits of the input word (WL1 and WLO) program 
the output data word length of the LTC1090. Word lengths 
of 8,10, 12 or 16 bits can be selected according 
to the fol- 
lowing table. The WL 1 and WLO bits in a given DIN word 


control the length of the present, not the next, Dour word. 
WL 1 and WLO are never "don't 
cares" and must be set for 
the correct 
Dour word length even when a "dummy" 
DIN 
word is sent. On any transfer cycle, the word length should 
be made equal to the number of SCLK cycles sent by the 
MPU. 


WL1 
WLO 
OUTPUT WORD LENGTH 


0 
0 
8 Bits 


0 
1 
10 Bits 


1 
0 
12Bits 


1 
1 
16Bits 


Figure 2 shows how the data output (Dour) timing can be 
controlled 
with word length selection 
and MSB/LSB first 
format selection. 


3. Deglitcher 


A deglitching 
circuit has been added to the Chip Select in· 
put of the 
LTC1090 to minimize 
the effects 
of errors 
caused 
by 
noise 
on 
that 
input. 
This 
circuit 
ignores 
changes in state on the CS input that are shorter in dura- 
tion than 1 ACLK cycle. After a change of state on the CS 
input, the LTC1090 waits for two falling edges of the ACLK 
before recognizing 
a valid chip select. One indication 
of 
CS low recognition 
is the Dour line becoming active (Ieav· 
ing the Hi·Z state). Note that the deglitching 
applies 
to 
both the rising and falling CS edges. 
• 


I 
I 
I 
I 
I 


:<""'--VA-U-O 
O-UT-PU-T 
-- 


lOWCSRECOGNIZED 


INTERNAllY 


I 
I 


I 
I 
I 
I 
I 
I 
I 


HIGHCSRECOGNIZED 


INTERNAllY 


8·Bit Word Length 


t=tSMPL-.~ONV 
CS~------t= 
~ 


10·Bit Word Length 


tSMPl---~PtCONV 


cs ~ 
~. 


16·Bit Word Length 
---------tSMPl----------!-tCONV 


cs ~ 
~~ 


4. CS Low During Conversion 


In the normal mode of operation, CS is brought high during 
the conversion time (see Figure 3).The serial port ignores 
any SCLK activity while CS is high. The LTC1090will also 
operate with CS low during the conversion. In this mode, 
SCLK must remain low during the conversion as shown in 
Figure 4. After the conversion is complete, the Dour line 


SHIFT 
I--- 
MUX 


I 
ADDRESS 


IN 


will become active with the first output bit. Then the data 
transfer can begin as normal. 


5. Microprocessor Interfaces 


The LTC1090can interface directly (without external hard- 
ware) to most popular microprocessor (MPU)synchronous 


ISMPL 
SAMPLE------J---- 
-.I-- 
SHIFT RESULTOUT 
I 


ANALOG 
I 
40 TO 44 ACLK CYCLES 
I 
AND NEW ADDRESS IN ---- 


INPUT 
~ 
•.••• 
I 


~SGL/1iiimi1 
SEL I 
I..... 
~ 
~~~~_OIF~FI~fg~L!..JS~L 
UNI 
MSBF~WLD~ 


SHIFT 
MUX 


r-ADDRESS 


IN 


ISMPL 
SAMPLE 
ANALOG 
INPUT 
• 
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serial formats (see Table 2). If an MPU without 
a serial in· 
terface is used, then 4 of the MPU's parallel port lines can 
be programmed 
to form the serial link to the LTC1090. In· 
cluded 
here are three serial interface 
examples 
and one 
example showing a parallel port programmed 
to form the 
serial interface. 


Table 2. Microprocessors 
with Hardware 
Serial 
Interfaces 
Compatible 
with the LTC1090" 


PART NUMBER 
TYPE OF INTERFACE 


Motorola 


MC6805S2, S3 
SPI 
MC68HC11 
SPI 
MC68HC05 
SPI 


RCA 


CDP68HC05 
I 
SPI 


Hitachi 


HD6305 
SCI Synchronous 
HD63705 
SCI Synchronous 
HD6301 
SCI Synchronous 
HD63701 
SCI Synchronous 
HD6303 
SCI Synchronous 


National Semiconductor 


COP400 Family 
MICROWIREt 


COP800 Family 
MICROWIREfPLUSt 
NS8050U 
MICROWIREfPLUS 
HPC16000 Family 
MICROWIREfPLUS 


Texas Instruments 


TMS7002 
Serial Port 
TMS7042 
Serial Port 
TMS70C02 
Serial Port 
TMS70C42 
Serial Port 
TMS32011' 
Serial Port 
TMS32020' 
Serial Port 


'Requires external hardware 
"Contact 
factory for interface information for processors not on this list 
tMICROWIRE and MICROWIREfPLUS are trademarks of National 
Semiconductor 
Corp. 


Most synchronous 
serial 
formats 
contain 
a shift 
clock 
(SCLK) and two data lines, one for transmitting 
and one for 


receiving. 
In most cases data bits are transmitted 
on the 
falling edge of the clock (SCLK) and captured on the rising 
edge. However, serial port formats vary among MPU man· 
ufacturers 
as to the smallest 
number of bits that can be 
sent in one group (e.g., 4-bit, 8·bit or 16·bit transfers). They 
also vary as to the order in which the bits are transmitted 
(LSB or MSB first). The following 
examples show how the 
LTC1090 accommodates 
these differences. 


National MICROWIRE(COP420) 


The COP420 transfers 
data MSB first and in 4·bit incre- 
ments (nibbles). This is easily accommodated 
by setting 
the LTC1090 to MSB first format and 12·bit word length. 
The data output 
word is then received by the COP420 in 
three 4·bit blocks with the final two unused bits filled with 
zeroes by the LTC1090. 


Hardware 
and Software 
Interface 
to National 
Semiconductor 
COP420 Processor 


LTC1090 
COP420 


ANALOGl~ 
sc: ~G: 
INPUTS 
• 
• 
O,N 
SO 
. 


00UT 
Sl 


DOUT from LTC1090 stored in COP420 RAM 


MSB+ 


Location A 
1B9 B8 B7 B61 
first 4 bits 


Location A + 1 
1B5 B4 B3 B21 
second 4 bits 


LSB 


Location A + 2 
1B1 BO 
0 
01 
third 4 bits 


MNEMONIC 
DESCRIPTION 


LEI 
Enable SIO 
SC 
Set Carry flag 
OGI 
GOis set to 0 (CS goes low) 
LDD 
Load first 4 bits of DINto ACC 


XAS 
Swap ACC with SIO reg. Starts SK Clk 
LDD 
Load 2nd 4 bits of DINto ACC 
NOP 
Timing 
XAS 
Swap first 4 bits from AID with ACC. SK continues. 


XIS 
Put first 4 bits in RAM (location A) 
NOP 
Timing 


XAS 
Swap 2nd 4 bits from AID with ACC. SK continues. 
XIS 
Put 2nd 4 bits in RAM (location A + 1) 
RC 
Clear Carry 
NOP 
Timing 


XAS 
Swap 3rd 4 bits from AID with ACC. SK off 


XIS 
Put 3rd 4 bits in RAM (location A + 2) 
OGI 
GOis set to 1(CS goes high) 
LEI 
DisableSIO 


Motorola SPI(MC68HC05C4) 


The MC68HC05C4 transfers data MS8 first and in 8·bit in· 
crements. Programming 
the LTC1090 for MS8 first format 
and 16·bit word length allows the 10-bit data output to be 
received by the MPU as two 8·bit bytes with the final 6 un- 
used bits filled with zeroes by the LTC1090. 


Hardware 
and Software 
Interface 
to Motorola 
MC68HC05C4 
Processor 


LTC1090 
MC68HC05C4 
~ 
co 


.~'oo( • 


SCLK 
SCK 


INPUTS 
• 


O'N 
MOSI 
.. 


Dour 
MISO 


DOUTfrom LTC1090 stored in MC68HC05C4 RAM 


MS8* 


Location A 
189 88 87 86 85 84 83 821 
byte 1 


LS8 


LocationA+1 
18180 
0 
0 
0 
0 
0 
01 
byte2 


MNEMONIC 
DESCRIPTION 


BCLR n 
COis cleared (CS goes low) 


LDA 
Load DINfor LTC1090 into ACC 


STA 
Load D'Nfrom ACC to SPI data reg. Start SCK 


I 
NOP 
8 NOPs for timing 


I 
LDA 
Load contents of SPI status reg. into ACC 


LDA 
Load LTC1090 DOUTfrom SPI data reg. into ACC (byte 1) 
STA 
Load LTC1090 DOUTinto RAM (location A) 


STA 
Start next SPI cycle 


I 
NOP 
6 NOPs for timing 


I 
BSET n 
COis set (CS goes high) 


LDA 
Load contents of SPI status reg. into ACC 
LDA 
Load LTC1090 DOUTfrom SPI data reg. into ACC (byte 2) 
STA 
Load LTC1090 DOUTinto RAM (location A + 1) 


Hitachi Synchronous SCI(H063705) 


The HD63705 transfers serial data in 8·bit increments, 
LS8 
first. To accommodate 
this, the LTC1090 is programmed 


for 16·bit word length and LS8 first format. The 10·bit out· 
put data is received by the processor 
as two 8·bit bytes, 


LS8 first. The LTC1090 fills the final 6 unused bits (after 
the MS8) with zeroes in unipolar mode and with the sign 
bit in bipolar mode. 


Hardware 
and Software 
Interface 
to Hitachi 
HD63705 Processor 


ANALOG( 
• 
INPUTS 
••• 


LS8 


Location A 
187 86 85 84 83 82 81 80 I 
byte 1 


Sign'-••------ 


Location A + 1 
189 89 89 89 89 89 89 881 
byte 2 


8ipolar 


LS8 


Location A 
187 86 85 84 83 82 81 80 I 
byte 1 


MS8 


Location A + 1 
I 0 
0 
0 
0 
0 
0 89 88 
byte 2 


Unipolar 
• 


MNEMONIC 
DESCRIPTION 


LDA 
Load DINwOiQ,for LTC1090 into ACC from RAM 
BCLR n 
COcleared (CS goes low) 
STA 
Load DINword for LTC1090 into SCI data reg from ACC 
and start clocking 
data (LSB first) 
I 
Nap 
6 Naps for timing 


I 
LDA 
Load contents 
of SCI data reg into ACC (byte 1) 


Start next SCI cycle 


STA 
Load LTC1090 DOUTword into RAM (Location A) 


Nap 
Timing _ 
BSETn 
COset (CS goes high). 


LDA 
Load contents 
of SCI data reg Into ACC (byte 2) 
STA 
Load LTC1090 DOUTword into RAM (Location 
A + 1) 


When 
interfacing 
the LTC1090 to an MPU which 
has a 
parallel port, the serial signals are created on the port with 
software. 
Three MPU port lines are programmed 
to create 
the CS, SCLK and DIN signals 
for the LTC1090. A fourth 
port line reads the DOUT line. An example 
is made of the 
InteI8051/8052/80C252 
family. 


To interface 
to the 8051, the LTC1090 is programmed 
for 
MSB first format and 10-bit word length. The 8051 gener- 
ates CS, SCLK and DIN on three port lines and reads DOUT 
on the fourth. 


LTC 1090 
8051 


DOUT 
P1.1 


· 


D'N 
P1.2 
· 
ANALDG · 
INPUTS 
• 
SCLK 
P1.3 


•• 
cs 
P1.4 
·· 
ACLK 
ALE 


DOUT from LTC1090 stored in 8051 RAM 


MSB* 


R2 
IB9 B8 B7 B6 B5 B4 B3 B21 


LSB 


R3 
IB1 BO 
0 
0 
0 
0 
0 
0 I 


2 
1 
0 
'----0---' 
DUTPUT 
PORT 


SERIAL 
DATA 
3 WIRE SERIAL 
INTERFACE 
TD DTHER 
PERIPHERALS 
DR LTC1D9Ds 


MNEMONIC 
DESCRIPTION 


MOV P1,#02H 
Initialize port 1(bit 1 is made 
an input) 


CLR P1.3 
~LKgoes 
low 
SETS P1.4 
CS goes high 
CONTINUE: 
MOVA,#ODH 
D'Nword for the LTC1090is 
~cedinACC. 


CLR P1.4 
CSgoes low 


MOV R4,#08 
Load counter 
Nap 
Delay for deglitcher 
LOOP: 
MOVC, P1.1 
Read data bit Into carry 


RLCA 
Rotate data bit into ACC 
MOV P1.2,C 
Output D'Nbit to LTC1090 
SETS P1.3 
SCLK goes high 
CLR P1.3 
SCLK goes low 


DJNZ R4, LOOP 
Next bit 
MOVR2,A 
Store MSSs in R2 
MOVC, P1.1 
Read data bit into carry 


CLRA 
ClearACC 


RLCA 
Rotate data bit into ACC 
SETS P1.3 
SCLK goes high 
CLR P1.3 
SCLK goes low 
MOVC,P1.1 
Read data bit into carry 


RRCA 
Rotate right into ACC 


RRCA 
Rotate right into ACC 
MOVR3,A 
Store LSSs in R3 


SETS P1.3 
SCLK goes high 
CLR P1.3 
~LKgoes 
low 
SETS P1.4 
CS goes high 
MOV R5,#07H 
Load counter 
DELAY: 
DJNZ R5, DELAY 
Delay for LTC1090 to perform 
conversion 
AJMP CONTINUE 
Repeat program 


6. Sharing the Serial Interface 


The LTC1090 can share the same 3 wire serial interface 
with other peripheral 
components 
or other LTC1090s (see 
Figure 
5). In this 
case, 
the 
CS signals 
decide 
which 
LTC1090 is being addressed by the MPU. 
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ANALOG CONSIDERATIONS 


1. Grounding 


The LTC1090 should be used with an analog ground plane 
and single point grounding techniques. 


Pin 11 (AGND) should be tied directly to this ground plane. 


Pin 10 (DGND) can also be tied directly 
to this ground 
plane because minimal 
digital 
noise is generated 
within 
the chip itself. 


Pin 20 (Vccl should be bypassed to the ground plane with a 
4.7JlFtantalum 
with leads as short as possible. Pin 12 (V-) 
should be bypassed with a 0 1JlFceramic disk. For single 
supply applications, 
V- can be tied to the ground plane. 


It is also recommended 
that pin 13 (REF-) and pin 9 (COM) 
be tied directly 
to the ground 
plane. All analog 
inputs 
should be referenced 
directly 
to the single point ground. 


Digital inputs and outputs should be shielded from and/or 
routed away from the reference and analog circuitry. 


Figure 6 shows an example of an ideal ground plane de- 
sign for a two sided board. Of course this much ground 
plane will not always be possible, 
but users should strive 
to get as close to this ideal as possible. 


2. Bypassing 


For good performance, 
Vcc must be free of noise and rip- 


ple. Any changes in the Vcc voltage with respect to analog 
ground 
during 
a conversion 
cycle can induce 
errors or 
noise in the output code. Vcc noise and ripple can be kept 
below 1mV by bypassing the Vcc pin directly to the analog 
ground plane with a 4.7JlF tantalum 
with leads as short as 
possible. 
Figures 7 and 8 show the effects 
of good and 
poor Vcc bypassing. 


3. Analog Inputs 


Because of the capacitive 
redistribution 
AID conversion 
techniques 
used, the analog inputs of the LTC1090 have 
capacitive 
switching 
input current 
spikes. These current 
spikes 
settle 
quickly 
and 
do 
not 
cause 
a problem. 


ANALOG 
GROUND 
PLANE 


Figure 7. Poor Vcc Bypassing. 
Noise and Ripple 
can Cause AiD Errors 


Figure 8. Good Vcc Bypassing 
Keeps Noise and Ripple 
on Vcc Below 1mV 


SAMPLE 
"+" 
INPUT MUST 
HOLD 


CS -iL.l 
M_~~_I~_D~D_R~N_SS 
' +-I_S_E~_:_E 
:_~:_~Pl_GT_HI_ST_IM_E-11 


...rL...fl- LAST SCLK (8TH, 
10TH, 12TH OR 16TH DEPENDING ON WORD LENGTH) 


I 


••• 
1 
2 
3 
4 
••• 


I 


lSTBIT 
__ 
1 


-- 
TEST 
"-" 
INPUT MUST SETILE 
DURING THIS TIME 


LTC1090 
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However, if large source resistances 
are used or if slow 
settling op amps drive the inputs, care must be taken to in- 
sure that the transients 
caused by the current spikes set- 
tle completely 
before the conversion 
begins. 


The analog inputs of the LTC1090 look like a 60pF capaci- 
tor (CIN) is series with a 500f! resistor (RON)as shown in 
Figure 9, CIN gets switched between the selected" 
+ " and 
"-" 
inputs once during each conversion 
cycle, Large ex- 
ternal source resistors and capacitances 
will slow the set- 
tling of the inputs. It is important 
that the overall RC time 
constants 
be short enough to allow the analog inputs to 
completely 
settle within the allowed time. 


4TH SCLK 


/ 
RON=500Q 


~CN=60PF 


LASTSCLK *" 
I 


LTC1090 


This input capacitor 
is switched onto the" +" input during 
the sample phase (tSMPL,see Figure 10).The sample phase 
starts at the 4th SCLK cycle and lasts until the falling edge 
of the last SCLK (the 8th, 10th, 12th or 16th SCLK cycle 
depending 
on the selected 
word length). The voltage on 
the" +" input must settle completely 
within this sample 
time. Minimizing 
RSOURCE+and C1 will improve the input 
settling time. If large" +" input source resistance 
must be 
used, the sample time can be increased by using a slower 
SCLK frequency 
or selecting 
a longer word length, With 
the minimum 
possible sample time of 4J.ls,RSOURCE+<2k 
and C1 <20pF will provide adequate settling. 


At the end of the sample 
phase 
the 
input 
capacitor 
switches 
to the" 
-" 
input and the conversion 
starts (see 
Figure 10). During the conversion, the" +" input voltage is 
effectively 
"held" 
by the sample and hold and will not af- 
fect the conversion 
result. However, it is critical 
that the 
"-" 
input voltage be free of noise and settle completely 
during the first four ACLK cycles of the conversion 
time. 
Minimizing 
RSOURCC and C2 will improve settling 
time. If 
large" 
- " input source resistance 
must be used, the time 
allowed 
for settling 
can be extended 
by using a slower 
ACLK frequency, 
At the maximum 
ACLK rate of 2M Hz, 


RSOURCE- < 1kf! 
and 
C2 < 20pF 
will 
provide 
adequate 
settling. 


"+" 
INPUT 
V 


"-"INPUT 
~~~ 
_ 


Figure 10. "+" and" -" 
Input Settling Windows 


Input Op Amps 


When driving 
the analog 
inputs 
with an op amp it is im- 
portant that the op amp settle within the allowed time (see 
Figure 10). Again, the" +" and" 
-" 
input sampling 
times 
can be extended 
as described 
above to accommodate 
slower op amps. Most op amps including 
the LT1006 and 
LT1013 single supply op amps can be made to settle well 
even with 
the minimum 
settling 
windows 
of 4Jls (" +" 


input) and 2Jls (" -" 
input) which occur at the maximum 
clock rates (ACLK = 2MHz and SCLK = 1MHz). Figures 
11 
and 12 show 
examples 
of adequate 
and poor op amp 
settling. 
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RCInput Filtering 


It is possible 
to filter 
the inputs 
with an RC network 
as 
shown in Figure 13. For large values of CF (e.g., lJlF), the 
capacitive 
input 
switching 
currents 
are averaged 
into a 
net DC current. Therefore, 
a filter should be chosen with a 
small 
resistor 
and large capacitor 
to prevent 
DC drops 
across the resistor. The magnitude 
of the DC current is ap- 
proximately 
IDC= 60pF x VIN/tCYC and is roughly 
propor- 
tional to VIN. When running at the minimum 
cycle time of 
33Jls, the input current equals 9JlA at VIN= 5V. In this case, 
a filter resistor of 5011will cause 0.1LSB of full~scale error. 
If a larger filter resistor 
must be used, errors can be elim- 


inated by increasing 
the cycle time as shown in the typical 
curve of Maximum 
Filter Resistor vs Cycle Time. 


Figure 13. RCInput Filtering 


Input LeakageCurrent 


Input leakage currents 
can also create errors if the source 
resistance 
gets too large. For instance, 
the maximum 
in- 
put 
leakage 
specification 
of 
lJlA 
(at 
125°C) 
flowing 
through 
a source 
resistance 
of 1kl1 will cause a voltage 
drop of lmV 
or 0.2LSB. This error will be much reduced 
at 
lower 
temperatures 
because 
leakage 
drops 
rapidly 
(see typical 
curve of Input Channel 
Leakage 
Current 
vs 
Temperature). 


High source 
resistance 
input 
signals 
(>50011) are more 
sensitive 
to coupling 
from external 
sources. 
It is prefer- 
able to use channels 
near the center of the package (Le., 


CH2-CH7) 
for signals 
which 
have the highest 
output 
re- 


sistance 
because they are essentially 
shielded 
by the pins 
• 
on the package ends (DGND and CHO). Grounding 
any un- 
used inputs (especially 
the end pin, CHO) will also reduce 
outside coupling 
into high source resistances. 


4. Sample and Hold 


Single Ended Inputs 


The LTC1090 provides 
a built-in 
sample 
and hold (S&H) 
function 
for all signals acquired 
in the single ended mode 
(COM pin grounded). 
This 
sample 
and hold allows 
the 
LTC1090 to convert 
rapidly 
varying 
signals 
(see typical 
curve of S&H Acquisition 
Time vs Source Resistance). 
The 
input voltage is sampled during the tSMPLtime as shown in 
Figure 
10. The sampling 
interval 
begins 
after the fourth 
MUX address 
bit is shifted 
in and continues 
during 
the 
remainder 
of the data transfer. 
On the falling 
edge of the 


final SCLK, the S&H goes into hold mode and the conver· 
sion begins. The voltage 
will be held on either the 8th, 
10th, 12th or 16th falling 
edge of the SCLK depending 
on 
the word length selected. 


Dilferentiallnputs 


With differential 
inputs or when the COM pin is not tied to 
ground, the AID no longer converts just a single voltage 
but rather the difference 
between two voltages. 
In these 
cases, the voltage on the selected 
II +" input is still sam· 
pled and held and therefore 
may be rapidly time varying 
just as in single ended mode. However, the voltage on the 
selected 
"_" 
input must remain constant 
and be free of 
noise and ripple throughout 
the conversion 
time. Other· 
wise, the differencing 
operation 
may not be performed 
accurately. 
The conversion 
time is 44 ACLK cycles. There· 
fore, a change in the II -" 
input voltage during this interval 
can cause conversion 
errors. For a sinusoidal 
voltage on 
the 
II -" 
input this error would be: 


VERROR(MAX)= VPEAKX 2 x 7r X f(" - ") X 44/fACLK 


Where f(" -") 
is the frequency 
of the 
II -" 
input voltage, 
VPEAKis its peak amplitude 
and fACLKis the frequency 
of 
the ACLK. In most cases VERRORwill not be significant. 
For a 60Hz signal on the 
II -" 
input to generate a 1/4LSB 
error (1.25mV) with the converter running at ACLK = 2MHz, 
its peak value would have to be 150mV. 


5. Reference Inputs 


The voltage between the reference inputs of the LTC1090 
defines the voltage span of the AID converter. The refer- 
ence inputs look primarily 
like a 10kll resistor but will have 
transient 
capacitive 
switching 
currents 
due 
to 
the 
switched 
capacitor 
conversion 
technique 
(see Figure 14). 
During each bit test of the conversion 
(every 4 ACLK cy· 
cles), a capacitive 
current spike will be generated on the 
reference 
pins by the A/D. These current 
spikes 
settle 
quickly and do not cause a problem. However, if slow set· 
tling circuitry 
is used to drive the reference inputs, care 
must be taken to insure that transients 
caused by these 
current spikes settle completely 
during each bit test of the 
conversion. 


When driving the reference inputs, three things should be 
kept in mind: 


1. The source resistance 
(ROUT)driving the reference 
in· 
puts should be low (less than 1!l) to prevent DC drops 
caused by the 1mA maximum reference current (IREF). 


2. Transients 
on the 
reference 
inputs 
caused 
by the 
capacitive 
switching 
currents 
must setlle 
completely 
during each bit test (each 4 ACLK cycles). Figures 15 
and 16 show examples of both adequate and poor set· 
tling. Using a slower ACLK will allow more time for the 
reference 
to setlle. 
However, 
even at the maximum 
ACLK rate of 2MHz most references 
and op amps can 
be made to settle within the 2JLs bit time. 


3. It is recommended 
that the REF- 
input be tied directly 
to the analog ground plane. If REF - is biased at a volt· 
age other than ground, the voltage 
must not change 
during a conversion 
cycle. This voltage 
must also be 
free of noise and ripple with respect to analog ground. 


EVERY 4 ACLK CYCLES 
! 
RON 


\ 
T5PF-30PF 


LTC1090 
':' 


6. Reduced Reference Operation 


The effective 
resolution 
of the LTC1090 can be increased 
by reducing the input span of the converter. 
The LTC1090 
exhibits 
good linearity 
and gain over a wide range of refer· 
ence voltages 
(see typical 
curves of Linearity 
and Gain 
Error vs Reference Voltage). However, care must be taken 
when operating 
at low values of VREFbecause of the reo 
duced LSB step size and the resulting 
higher accuracy 
reo 
quirement 
placed on the converter. 
The following 
factors 
must be considered 
when operating at low VREFvalues. 


1. Conversion 
speed (ACLK frequency) 
2. Offset 
3. Noise 


Conversion 
Speed with Reduced VREF 


With reduced reference voltages, 
the LSB step size is reo 


duced and the LTC1090 internal 
comparator 
overdrive 
is 
reduced. With less overdrive, more time is required to per· 
form 
a conversion. 
Therefore, 
the maximum 
ACLK fre· 
quency 
should 
be reduced when low values of VREF are 
used. This is shown in the typical curve of Maximum Con· 
version Clock Rate vs Reference Voltage. 


The offset of the LTC1090 has a larger effect on the output 
code when the AID is operated 
with 
reduced 
reference 
voltage. The offset (which is typically 
a fixed voltage) be· 
comes a larger fraction 
of an LSB as the size of the LSB is 
reduced. The typical 
curve of Unadjusted 
Offset 
Error vs 
Reference Voltage shows how offset in LSBs is related to 
reference voltage for a typical value of Vas. For example, a 
Vas of 0.5mV which 
is 0.1LSB with 
a 5V reference 
be· 


comes 0.5LSB with a 1V reference and 2.5LSBs with a 0.2V 
reference. 
If this offset 
is unacceptable, 
it can be cor· 
rected digitally 
by the receiving 
system 
or by offsetting 
the" 
-" 
input to the LTC1090. 


The total 
input referred 
noise of the LTC1090 can be reo 


duced 
to 
approximately 
200/N 
peak·to·peak 
using 
a 
ground 
plane, good bypassing, 
good layout 
techniques 
and minimizing 
noise on the reference 
inputs. This noise 
is insignificant 
with 
a 5V reference 
but will 
become 
a 
larger fraction of an LSB as the size of the LSB is reduced. 
The typical 
curve of Noise 
Error vs Reference 
Voltage 


shows the LSB contribution 
of this 200/N of noise. 


For operation 
with a 5V reference, the 200/N noise is only 
0.04LSB peak·to·peak. 
In this case, the LTC1090 noise will 
contribute 
virtually 
no uncertainty 
to the output 
code. 
However, for reduced references, the noise may become a 
significant 
fraction 
of an LSB and cause undesirable 
jitter 
in the output code. For example, with a 1V reference, this 
same 200flV noise is 0.2LSB peak·to·peak. This will reduce 
the range of input voltages 
over which 
a stable 
output 
code can be achieved by 0.2LSB. If the reference is further 
reduced to 200mV, the 200flV noise becomes equal to one 
LSB and a stable code may be difficult 
to achieve. In this 
case averaging readings may be necessary . 


This noise data was taken in a very clean setup. Any setup 
induced noise (noise or ripple on Vcc, VREF,VIN or V-) will 
add to the internal noise. The lower the reference voltage 
to be used, the more critical 
it becomes to have a clean, 


noise·free setup. 
• 


A "Quick Look" Circuit forthe 
LTC1090 


Users can get a quick look at the function 
and timing 
of 
the LTC1090 by using the following 
simple circuit. 
REFt 
and DINare tied to Vcc selecting 
a 5V input span, CH7 as a 
single ended input, unipolar 
mode, MSB first format and 


16·bit word length. ACLK and SCLK are tied together 
and 


driven by an external clock. CS is driven at 1/64 the clock 
rate by the CD4520 and Dour outputs 
the data. All other 
pins are tied to a ground plane. The output data from the 
DOUTpin can be viewed on an oscilloscope 
which is set up 
to trigger on the falling edge of CS. 


Scope Trace of LTC1090 "Quick Look" Circuit 
Showing AID Output of 0101010101 
(155HExl 
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SNEAK·A·BIT™ 


The LTC1090's unique ability to software select the polar- 
ity of the differential 
inputs and the output word length is 
used to achieve one more bit of resolution. 
Using the cir· 
cuit below with two conversions 
and some software, a 2's 
complement 
10·bit + sign word is returned to memory in- 
side the MPU. The MC68HC05C4 was chosen as an exam· 
pie; however, any processor could be used. 


Two 10·bit unipolar 
conversions 
are performed: 
the first 
over a 0 to 5V span and the second over a 0 to - 5V span 
(by reversing the polarity of the inputs). The sign of the in· 
put is determined 
by which of the two spans contained 
it. 


Then the resulting number (ranging from -1023 
to + 1023 
decimal) 
is converted 
to 2's complement 
notation 
and 
stored in RAM. 
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SNEAK·A·BIT 
Code 


DOUTfrom LTC1090 in MC68HC05C4 RAM 


Sign 


Location 
$77 
1810 89 88 87 86 85 84 831 


LS8 


Location 
$87 
182 
81 
80 
filled with Os I 


DINwords for LTC1 090 
MS8F 
MUXAddr. 
UNI 
~ 


Word 


(ODDISIGN) 
• 


Length 


DIN 1 
0 
0 
1 
1 
1 


DIN2 
0 


DIN3 
0 
0 


Sneak·A·Bit 
Code for the lTC1090 Using the MC68HC05C4 


MNEMONIC 
DESCRIPTION 


LDA 
#$50 
Configuration data for SPCR 
STA 
$OA 
Load configuration 
data into $OA 
LDA 
#$FF 
Configuration data for port C DDR 
STA 
$06 
Load configuration 
data into port C DDR 
BSET 0,$02 
Make sure CS is high 
JSR 
READ-I+ 
Dummy read configures LTC1090for next 
read 
JSR 
READ+I- 
Read CH6 with respect to CH7 
JSR 
READ-I+ 
Read CH7 with respect to CH6 
JSR 
CHKSIGN 
Determines which reading has valid data, 
converts to 2's complement and stores in 
RAM 


MNEMONIC 
DESCRIPTION 


READ -1+: LDA 
#$3F 
Load D'Nword for LTC1090into ACC 
JSR 
TRANSFER Read LTC1090routine 
LDA 
$60 
Load MSBs from LTC1090into ACC 
STA 
$71 
Store MSBs in $71 
LDA 
$61 
Load LSBs from LTC1090into ACC 
STA 
$72 
Store LSBs in $72 
RTS 
Return 
READ +1-: LDA 
#$7F 
Load D'Nword for LTC1090into ACC 
JSR 
TRANSFER Read LTC1090routine 
LDA 
$60 
Load MSBs from LTC1090into ACC 
STA 
$73 
Store MSBs in $73 


LDA 
$61 
Load LSBs from LTC1090into ACC 
STA 
$74 
Store LSBs in $74 
RTS 
Return 
TRANSFER: BCLR 0, $02 
CS goes low 
STA 
$OC 
Load D'Ninto SPI. Start transfer 
LOOPt 
TST 
$OB 
Test status of SPIF 
BPL 
LOOP 1 
Loop to previous instruction 
if not done 
LDA 
$OC 
Load contents of SPI data reg into ACC 
STA 
$OC 
Start next cycle 
STA 
$60 
Store MSBs in $60 
LOOP2: 
TST 
$OB 
Test status of SPIF 
BPL 
LOOP2 
Loop to previous instruction 
if not done 
BSET 0, $02 
CS goes high 
LDA 
$OC 
Load contents of SPI data reg into ACC 
STA 
$61 
Store LSBs in $61 
RTS 
Return 
CHK SIGN: 
LDA 
$73 
Load MSBs of + 1- read into ACC 
ORA 
$74 
Or ACC (MSBs) with LSBs of + 1- read 
BEQ 
MINUS 
If result is 0 goto minus 
CLC 
Clear carry 
ROR 
$73 
Rotate right $73 through carry 


ROR 
$74 
Rotate right $74 through carry 


LDA 
$73 
Load MSBs of + 1- read into ACC 
STA 
$77 
Store MSBs in RAM location $77 
LDA 
$74 
Load LSBs of + 1- read into ACC 
STA 
$87 
Store LSBs in RAM location $87 
BRA 
END 
Goto end of routine 
MINUS: 
CLC 
Clear carry 
ROR $71 
Shift MSBs of -I + read right 
ROR $72 
Shift LSBs of -I + read right 
COM $71 
1's complement of MSBs 


COM $72 
1's complement of LSBs 
LDA 
$72 
Load LSBs into ACC 
ADD 
#$01 
Add 1to LSBs 
STA 
$72 
Store ACC in $72 
CLRA 
ClearACC 
ADC 
$71 
Add with carry to MSBs. Result in ACC 
STA 
$71 
Store ACC in $71 
STA 
$77 
Store MSBs in RAM location $77 
LDA 
$72 
Loac LSBs in ACC 
STA 
$87 
Store LSBs in RAM location $87 
END: 
RTS 
Return 
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LTC1091/LTC1092 
U \K 
LTC1093/LTC1094 
TECHNOLOGY 
1,2, 6 and 8 Channel, 
lO-Bit 
Serial 1/0 Data Acquisition 
Systems 


• Programmable Features 
Unipolar/Bipolar Conversions 
Differential/Single Ended Multiplexer Configurations 
• Sample and Holds 
• Single Supply 5V,10Vor ± 5VOperation 
• Direct 3or 4Wire Interface to Most MPUSerial Ports 
and All MPUParallel 110 Ports 
• Analog Inputs Common-Mode to Supply Rails 
• 
Resolution 
10Bits 
• Total Unadjusted Error (AGrade) 
± 1/2LSBOverTemp 
• Fast Conversion Time 
20/ls 
• Low Supply Current LTC1091 
3.5mA Max, 1.5mATyp 
LTC1092/3/4 2.5mA Max, 1mATyp 


The LTC1091/2/3/410-bit data acquisition systems are de- 
signed to provide complete function, excellent accuracy 
and ease of use when digitizing analog data from a wide 
variety of signal sources and transducers. Built around a 
10-bit, switched capacitor, successive approximation AID 
core, these devices include software configurable analog 
multiplexers and bipolar and unipolar conversion modes 


as well as on chip sample and holds. On-chip serial ports 
allow efficient data transfer to a wide range of microproc- 
essors and microcontrollers. These circuits can provide a 
complete data acquisition system in ratiometric applica- 
tions or can be used with an external reference in others. 


The high impedance analog inputs and the ability to oper- 
ate with reduced spans (below 1V full scale) allow direct 
connection to sensors and transducers in many applica- 
tions, eliminating the need for gain stages. 


An efficient serial port communicates without external 
hardware to most MPUserial ports and all MPUparallel 110 
ports allowing eight channels of data to be transmitted 
over as few as 3 wires. This, coupled with low power con- 
sumption, makes remote location possible and facilitates 
transmitting data through isolation barriers. 


Temperature drift of offset, linearity, and full scale error 
are all extremely low (1ppm/oC typically) allowing all 
grades to be specified with offset and linearity errors of 
±0.5LSB maximum over temperature. In addition, the A 
grade devices are specified with full scale error and total 
unadjusted error (including the effects of offset, linearity, 
and full scale errors) of ± 0.5LSB maximum over tempera- 
ture. The lower grade has a full scale specification 
of 
± 2LSB for applications where full scale is adjustable or 
less critical. 
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LTC1091/LTC1092 
LTC1093/LTC1094 


ABSOLUTEmAXimum 
RATinGS 


(Notes 1 and 2) 


SupplyVoltage(Vcc)toGNDorV- 
12V 
Negative Supply Voltage (V-) 
- 6V to GND 
Voltage 
Analog Reference and LTC1091/2 CS 
Inputs 
(V -) - 0.3V to Vcc + 0.3V 
Digital Inputs (except LTC1091/2 CS) ..... 
- 0.3V to 12V 
Digital Outputs 
- 0.3V to Vcc + 0.3V 


Power Dissipation 
500mW 
Operating 
Temperature 
Range 
LTC1091-4AC, 
LTC1091-4C 
- 40°C to 85°C 
LTC1091-4AM, 
LTC1091-4M 
- 55°C to 125°C 
Storage Temperature 
Range 
- 65°C to 150°C 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


ORDER PART 
NUMBER 


LTC1091AMJ8 
LTC1091MJ8 
LTC1091ACJ8 
LTC1091CJ8 
LTC1091ACN8 
LTC1091CN8 


LTC1093AMJ 
LTC1093MJ 
LTC1093ACJ 
LTC1093CJ 
LTC1093ACN 
LTC1093CN 


ORDER PART 
NUMBER 


LTC1092AMJ8 
LTC1092MJ8 
LTC1092ACJ8 
LTC1092CJ8 
LTC1092ACN8 
LTC1092CN8 


LTC1094AMJ 
LTC1094MJ 
LTC1094ACJ 
LTC1094CJ 
LTC1094ACN 
LTC1094CN 


CONVERSION MODES 
REDUCED SPAN 
CAPABILITY 
:!:5V 
PART NUMBER 
HCHANNELS 
UNIPOLAR 
BIPOLAR 
(SEPARATE VREF) 
CAPABILITY 


LTC1091 
2 
• 
Pin for pin 10-bit upgrade of ADC0832 


LTC1092 
1 
• 
• 
Pin for pin 10-bit upgrade of ADC0831 


LTC1093 
6 
• 
• 
• 
• 
LTC1094 
8 
• 
• 
• 
• 


LTC1091/LTC1092 
LTC1093/LTC1094 


lTC1091-4/lTC1091-4A 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNITS 


Vcc 
Supply Voltage 
4.5 
10 
V 


V- 
Negative Supply Voltage 
Vcc=5V 
-5.5 
0 
V 
lTC1093/4 


fCLK 
Clock Frequency 
Vcc=5V 
0.01 
0.5 
MHz 


tcvc 
Total Cycle Time 
lTC1091 
15 ClK Cycles 
+2~s 
lTC1092 
12 ClK Cycles 
+2~s 
lTC1093/4 
18 ClK Cycles 
+2~s 


thDI 
Hold Time, DINAfter SClKI 
Vcc=5V 
150 
ns 


tsucs 
SetupTimeCSI 
BeforeClKI 
Vcc=5V 
1 
~s 


tsuDI 
Setup Time, DINStable Before ClK I 
Vcc=5V 
400 
ns 


tWHCLK 
ClK High Time 
Vcc=5V 
0.8 
~s 


tWLCLK 
CLK Low Time 
Vcc=5V 
1 
~s 


tWHCS 
CS High Time Between Data Transfer Cycles 
Vcc=5V 
2 
~s 


tWLCS 
CS Low Time During Data Transfer 
LTC1091 
15 
CLKCycies 
LTC1092 
12 
CLKCycies 
LTC1093/4 
18 
CLKCycies 


conVERTER 
AnD mULTIPLEXER CHARACTERISTmcs(Note 3) 


lTC1091-4A 
LTC1091-4 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
Offset Error 
(Note 4) 
• 
±0.5 
+0.5 
lSB 
Linearity Error 
(Notes 4 and 5) 
• 
+0.5 
+0.5 
LSB 
Full Scale Error 
(Note 4) 
• 
+0.5 
+2.0 
LSB 
Total Unadjusted Error 
VREF = 5.000V 
• 
±0.5 
LSB 
(Notes 4 and 6) 


Reference Input Resistance 
VREF = 5V, 
• 
5 
10 
5 
10 
kO 
LTC109213/4 


Analog and REF Input Range 
(Note 7) 
(V 
) - 0.05V to Vcc + 0.05V 
V 
On Channel Leakage Current 
On Channel = 5V 
• 
1 
1 
~A 
(Note 8) 
Off Channel = OV 


On Channel = OV 
• 
-1 
-1 
~A 
Off Channel = 5V 


Off Channel leakage Current 
On Channel = 5V 
• 
-1 
-1 
~A 
(Note 8) 
Off Channel = OV 


On Channel = OV 
• 
1 
1 
~A 
Off Channel = 5V 
• 


LTC1091/LTC1092 
LTC1093/LTC1094 


lTC1091-4/lTC1091-4A 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


tSMPL 
Analog Input Sample Time 
See Operating Sequence 
1.5 
ClK Cycles 


tCONV 
Conversion Time 
See Operating Sequence 
10 
ClK Cycles 


tdDO 
DelayTime, ClKI to Dour Data Valid 
See Test Circuits 
• 
400 
850 
ns 


tdis 
DelayTime, CSt to DOUTHi-Z 
See Test Circuits 
• 
180 
450 
ns 


ten 
Delay Time, ClKI to DOUTEnabled 
See Test Circuits 
• 
160 
450 
ns 


thDO 
Time Output Data Remains Valid After SClKI 
150 
ns 


tf 
DOUTFall Time 
See Test Circuits 
• 
90 
300 
ns 


t, 
DOUTRise Time 
See Test Circuits 
• 
60 
300 
ns 


CIN 
Input Capacitance 
Analog Inputs On Channel 
65 
pF 
Off Channel 
5 
pF 
Digital Inputs 
5 
pF 


lTC1091-4/lTC1091-4A 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


VIH 
High level Input Voltage 
Vcc=5.25V 
• 
2.0 
V 


VIL 
low level Input Voltage 
Vcc= 4.75V 
• 
0.8 
V 


IIH 
High level Input Current 
VIN= Vcc 
• 
25 
~A 


IlL 
low level Input Current 
VIN=OV 
• 
-2.5 
~A 
VOH 
High level Output Voltage 
Vcc=4.75V, 
10=10~A 
4.7 
V 


10=360~A 
• 
2.4 
4.0 
V 


VOL 
low level Output Voltage 
Vcc = 4.75V, 10= 1.6mA 
• 
0.4 
V 


loz 
Hi-Z Output leakage 
VOUT=Vcc~S 
High 
• 
3 
~A 
VouT=OV,CSHigh 
• 
-3 
~A 


ISOURCE 
Output Source Current 
Vour=OV 
-10 
mA 


ISINK 
Output Sink Current 
VOUT=VCC 
10 
mA 


Icc 
Positive Supply Current 
g§ High, lTC1091 
• 
1.5 
3.5 
mA 
CS High, REF+ Open, lTC109213/4 
• 
1.0 
2.5 
mA 


IREF 
Reference Current 
VREF= 5V, lTC109213/4 
• 
0.5 
1.0 
mA 
1- 
Negative Supply Current 
CS High, V- = - 5V,lTC1093/4 
• 
1 
50 
~A 


Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 
Note 2: All voltage values are with respect to ground with DGND, AGND, 
GND and REF- wired together (unless otherwise noted). REF- is internally 
connected to the AGND pin on the lTC1093. DGND, AGND, REF- and V- 
are internally connected to the GND pin on the lTC1091/2. 
Note3: 
Vcc=5V, VREF+ =5V, VREF- =OV, V- =OV for unipolar mode and 
- 5V for bipolar mode, ClK = 0.5MHz unless otherwise specified. The. 
indicates specs which apply over the full operating temperature range; all 
other limits and typicals TA = 25°C. 
Note 4: These specs apply for both unipolar (lTC1091-4) and bipolar 
(lTC1093/4 
only) modes. In bipolar mode, one lSB is equal to the bipolar in- 


put span (2VREF)divided by 1024. For example, when VREF= 5V, 1lSB 
bipolar) = 2(5V)/1024= 9.77mV. 
Note 5: Linearity error is specified between the actual end points of the AID 
transfer curve. 


Note 6: Total unadjusted error includes offset, full scale, linearity, multi- 
plexer and hold step errors. 
Note 7: Two on·chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 
below V- or one diode drop above Vcc. Be careful during testing at low Vcc 
levels (4.5V),as high level reference or analog inputs (5V)can cause this In- 
put diode to conduct, especially at elevated temperatures, and cause errors 
for inputs near full-scale. This spec allows 50mV forward bias of either 
diode. This means that as long as the reference or analog input does not ex- 
ceed the supply voltage by more than 50mV, the output code will be correct. 
To achieve an absolute OVto 5V input voltage range will therefore require a 
minimum supply voltage of 4.95OVover initial tolerance, temperature varia· 
tions and loading. 
Note 8: Channel leakage current is measured after the channel selection. 
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lTC1091 # 
lTC1092 # 
PIN 
FUNCTION 
DESCRIPTION 


1 
1 
CS 
Chip Select Input 
A logic low on this input enables the lTC109112. 


2,3 
CHO,CH1 
Analog Inputs 
These inputs must be free of noise with respect to GND. 
2,3 
INt,IN- 
Analog Inputs 
These inputs must be free of noise with respect to GND. 
4 
4 
GND 
Analog Ground 
GND should be tied directly to an analog ground plane. 


5 
DIN 
Digital Data Input 
The multiplexer address is shifted into this input. 


5 
VREF 
Reference Input 
The reference input defines the span of the AID converter and must be kept free of 
noise with respect to AGND. 


6 
6 
Dour 
Digital Data Output 
The AID conversion result is shifted out of this output. 


7 
7 
ClK 
Shift Clock 
This clock synchronizes the serial data transfer. 


8 
Vcc(VREF) 
Positive Supply and 
This pin provides power and defines the span of the AID converter. It must be kept 
Reference Voltage 
free of noise and ripple by bypassing directly to the analog ground plane. 
8 
Vcc 
Positive Supply 
This pin provides power to the AID converter. It must be kept free of noise and 
Voltage 
ripple by bypassing directly to the analog ground plane. 


LTC1091/LTC1092 
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lTC1093# 
lTC1094 # 
PIN 
FUNCTION 
DESCRIPTION 


1-6 
CHO-CH5 
Analog Inputs 
The analog inputs must be free of noise with respect to AGND. 


1-8 
CHO-CH7 
Analog Inputs 
The analog inputs must be free of noise with respect to AGND. 


7 
9 
COM 
Common 
The common pin defines the zero reference point for all single ended inputs. It 
must be free of noise and is usually tied to the analog ground plane. 


8 
10 
DGND 
Digital Ground 
This is the ground for the internal logic. Tie to the ground plane. 


9 
11 
Y- 
Negative Supply 
Tie Y- to most negative potential in the circuit. (Ground in single supply 
applications.) 


10 
12 
AGND 
Analog Ground 
AGND should be tied directly to the analog ground plane. 
11 
YREF 
Reference Input 
The reference input must be kept free of noise with respect to AGND. 


13,14 
REF +, REF- 
Reference Input 
The reference input must be kept free of noise with respect to AGND. 


12 
15 
DIN 
Data Input 
The AID configuration 
word is shifted into this input. 


13 
16 
DOUT 
Digital Data Output 
The AID conversion result is shifted out of this output. 


14 
17 
CS 
Chip Select Input 
A logic low on this input enables the lTC1093/4. 


15 
18 
ClK 
Shift Clock 
This clock synchronizes the serial data transfer. 


16 
Ycc 
Positive Supply 
This supply must be kept free of noise and ripple by bypassing directly to the 
analog ground plane. 


19,20 
AYcc, DYcc 
Positive Supply 
This supply must be kept free of noise and ripple by bypassing directly to the 
analog ground plane. AYcc and DYcc should be tied together on the lTC1094 . 
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The LTC1091-4 are data acquisition components which 
contain the following functional blocks: 


1. 10·bit successive approximation AID converter 
2. Analog multiplexer (MUX) 
3. Sample and hold (S/H) 
4. Synchronous, half duplex serial interface 
5. Control and timing logic 


DIGITAL CONSIDERATIONS 


1. Serial Interface 


The LTC1091/3/4 communicates with microprocessors and 
other external circuitry via a synchronous, half duplex, 
four wire serial interface while the LTC1092uses a three 
wire interface (see Operating Sequence). The clock (CLK) 
synchronizes the data transfer with each bit being trans· 
mitted on the falling CLK edge and captured on the rising 
CLK edge in both transmitting and receiving systems. The 


LTC1091/3/4 
first receives input data and then transmits 
back the AID conversion result (half duplex), Because of 


the half duplex operation, DINand DOUTmay be tied to· 
gether allowing transmission over just 3 wires: CS, CLK 
and DATA(DIN/DoUT), 


Data transfer is initiated by a falling chip select (CS) 
signal. After CS falls the LTC1091/3/4 
looks for a start bit. 


After the start bit is received, a 3·bit input word (6·bits for 
the LTC1093/4) 
is shifted into the DINinput which config· 


ures the LTC1091/3/4 
and starts the conversion. After one 
null bit, the result of the conversion is output on the DOUTI 
line. At the end of the data exchange CS should be 
brought high. This resets the LTC1091/3/4 
in preparation 
for the next data exchange, 
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The lTC1092 does not require a configuration input word 
and has no DIN pin. A falling CS initiates data transfer as 
shown in the lTC1092 operating sequence. After CS falls, 
the first ClK pulse enables Dour. After one null bit, the 
AID conversion result is output on the Dour line. Bringing 
CS high resets the lTC1092 for the next data exchange. 


2. Input Data Word 


The lTC1092 requires no DIN word. It is permanently con· 
figured to have a single differential input and to operate in 
unipolar mode. The conversion result is output on the 
Dour line is MSB first sequence, followed by lSB se· 
quence providing easy interface to MSB or lSB first serial 
ports. The following discussion applies to the configura· 
tion of the lTC1091/3/4. 


The lTC1091/3/4 clocks data into the DIN input on the ris· 
ing edge of the clock. The input data words are defined as 
follows: 


MUX 
Address 


MSB First! 
LSB First 


LTC1091 Operating Sequence 
Example: Differenliallnputs 
(CH1 +, CHO -) 


I~ -------------I'CVC 
I 
csl 
r---------------------------"JL 


1~-------------ICyC--------------1 
csl..... 
.•.... 
r-_-_-JL 
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I 
CSI 


~ 
I 
r-----------------------------------~ 


LTC1093/4Operating Sequence 
Example: Differential Inputs (CH4+, CH5 - ), Unipolar Mode 


CS -,1<-1---------------Icvc---r 


-----------------------------------------------jL------'1 


LSB First Data (MSBF =0) 


I 
1m 
I 
~ 
csl~ 
__JrL_-_-_-TL 
••• 


START 
SEL1 
UNI 
DINLIL..-..JL...m 
~:9€1I9K~~~ 


SGLI 0001 
SELO 
MSBF 
DIFF 
SIGN 


Hi-Z 
Hi-Z 


LTC1091/LTC1092 
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Start Bit 


The first "logical one" clocked into the DIN input after CS 
goes low is the start bit. The start bit initiates the data 
transfer. The LTC1091/3/4 will ignore all leading zeros 
which precede this logical one. After the start bit is reo 
ceived, the remaining bits of the input word will be clocked 
in. Further inputs on the DIN pin are then ignored until the 
next CS cycle. 


Multiplexer (MUX)Address 


The bits of the input word following the START bit assign 
the MUX configuration for the requested conversion. For a 


MUXADDRESS 
DIFFERENTIAL CHANNEL SELECTION 


SGU 
ODDI 
SELECT 
DIFF 
SIGN 
1 
0 
0 
1 
2 
3 
4 
5 


0 
0 
0 
0 
+ 
- 


0 
0 
0 
1 
+ 
- 


0 
0 
1 
0 
+ 
- 
0 
0 
1 
1 
NOT USED 


0 
1 
0 
0 
- 
+ 
0 
1 
0 
1 
- 
+ 
0 
1 
1 
0 
- 
+ 
0 
1 
1 
1 
NOT USED 


MUXADDRESS 
SINGLE ENDED CHANNEL SELECTION 


SGU 
ODDI 
SELECT 
D1FF 
SIGN 
1 
0 
0 
1 
2 
3 
4 
5 
COM 
1 
0 
0 
0 
+ 
- 
1 
0 
0 
1 
+ 
- 
1 
0 
1 
0 
+ 
- 
1 
0 
1 
1 
NOT USED 
1 
1 
0 
0 
+ 
- 
1 
1 
0 
1 
+ 
- 
1 
1 
1 
0 
+ 
- 


1 
1 
1 
1 
NOT USED 


given channel selection, the converter will measure the volt· 
age between the two channels indicated by the + and - 
signs in the selected row of the following tables. In single 
ended mode, all input channels are measured with respect 
to GND on the LTC1091and COM on the LTC1093/4. 


Single·ended 
MUX mode 
{ 


Differential 
MUX mode 
{ 


MUXADDRESS 
CHANNEL# 
GND 


SGU 
ODDI 
DIFF 
SIGN 
0 
1 


1 
0 
+ 
- 


1 
1 
+ 
- 


0 
0 
+ 
- 


0 
1 
- 
+ 


MUXADDRESS 
DIFFERENTIAL CHANNEL SELECTION 


SGLI 
ODDI 
SELECT 
DIFF 
SIGN 
1 
0 
0 
1 
2 
3 
4 
5 
6 
7 


0 
0 
0 
0 
+ 
- 


0 
0 
0 
1 
+ 
- 


0 
0 
1 
0 
+ 
- 


0 
0 
1 
1 
+ 
- 
0 
1 
0 
0 
- 
+ 
0 
1 
0 
1 
- 
+ 
0 
1 
1 
0 
- 
+ 
0 
1 
1 
1 
- 
+ 


MUXADDRESS 
SINGLE ENDED CHANNEL SELECTION 


SGLI 
ODDI 
SELECT 
DIFF 
SIGN 
1 
0 
0 
1 
2 
3 
4 
5 
6 
7 
COM 


1 
0 
0 
0 
+ 
- 


1 
0 
0 
1 
+ 
- 
1 
0 
1 
0 
+ 
- 


1 
0 
1 
1 
+ 
- 
1 
1 
0 
0 
+ 
- 
1 
1 
0 
1 
+ 
- 
1 
1 
1 
0 
+ 
- 


1 
1 
1 
1 
+ 
- 
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MSB First/LSB First (MSBF) 
Unipolar 
Output Code (UNI:: 1) 


The output data of the LTC1091/3/4 is programmed for 
MSB first or LSBfirst sequence using the MSBF bit. When 
the MSBF bit is a logical one, data will appear on the Dour 
line in MSB first format. Logical zeros will be filled in in- 
definitely following the last data bit to accommodate 
longer word lengths required by some microprocessors. 
When the MSBF bit is a logical zero, LSBfirst data will fol- 
low the normal MSB first data on the Dour line. (See 
operating sequence). 
Bipolar Output Code (UN):: 0) LTC1093/4 Only 


Unipolar/Bipolar (UNI) 


The UNI bit of the LTC1093/4 determines whether the con· 
version will be unipolar or bipolar. WhenUNI is a logical 
one, a unipolar conversion will be performed on the se· 
lected input voltage. When UNI is a logical zero, a bipolar 
conversion will result. The input span and code assign- 
ment for each conversion type are shown in the figures 
below. 


The LTC1091/2are permanently configured for unipolar 
mode. 


INPUT VOLTAGE 
OUTPUT CODE 
INPUT VOLTAGE 
(VREF=5V) 


1111111111 
VREF-1LSB 
4.9951V 
1111111110 
VREF- 2LSB 
4.9902V 
• 
· 
· 
· 
· 
• 
• 
· 
• 
0000000001 
1LSB 
0.0049V 
0000000000 
OV 
OV 


INPUT VOLTAGE 
OUTPUT CODE 
INPUT VOLTAGE 
(VREF=5V) 


0111111111 
VREF-1LSB 
4.9902V 
0111111110 
VREF-2LSB 
4.9805V 
· 
· 
· 
· 
· 
· 
· 
· 
· 
0000000001 
1LSB 
0.0098V 
0000000000 
OV 
OV 
1111111111 
-1LSB 
-0.0098V 
1111111110 
-2LSB 
-0.0195V 
· 
· 
· 
· 
· 
· 
· 
• 
· 
1000000001 
- (VREF)+ 1LSB 
-4.9902V 
1000000000 
- (VREF) 
-5.000V 


0000000001 
0000000000 
OV 
1LSB 
• 


VREF-2LSB: 
vREF 
, 


VREF-1LSB 


-VREF:-1LSB 


I 
-VREF 
I 


VREF-2LSBI 
VREF 
I, 


VREF-1LSB 
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3. Accommodating Microprocessors with Different Word 
Lengths 


The lTC1091/3/4 
will fill zeroes indefinitely after the trans· 
mitted data until CS is brought high. At that time the DOUT 
line is disabled. This makes interfacing easy to MPUserial 
ports with different transfer increments including 4 bits 
(e.g.,COP400)and 8 bits (e.g.,SPIand MICROWIRE/PlUS). 
Any word length can be accommodated by the correct 
positioning of the start bit in the lTC1091 input word. 


Figure 1 shows examples of lTC1091 input and output 
words for 4·bit and 8·bit processors. A complete data ex· 
change can be implemented with two 4·bit MPU outputs 
and three inputs in 4·bit systems and one 8·bit output and 
two inputs in 8·bit systems. The resulting data winds up 
left justified in the MPUwith zeroes automatically filled in 
the unused low order bits by the lTC1091. In section 5 an· 
other example is given using the MC68HC05C4 which 
eliminates one 8·bit transfer and positions data right justi· 
fied inside the MPU. 


4. Operation with DINand DOUT Tied Together 


The lTC1091/3/4 
can be operated with DINand DOUTtied 
together. This eliminates one of the lines required to 
communicate to the MPU. Data is transmitted 
in both 
directions on a single wire. The processor pin connected 
to this data line should be configurable as either an input 
or an output. The lTC1091, for example, will take control 
of the data line and drive it low on the 4th falling ClK edge 
after the start bit is received (see Figure 2).Therefore the 
processor port line must be switched to an input before 
this happens, to avoid a conflict. 


In the next section, an example is made of interfacing the 
lTC1091 with DINand DOUTtied together to the Intel 8051 
MPU. 


START 


D 
IISGLI~ 


IN _ 
l!![JSIGN 
MSBF~ 
••• 


[ 


MPU SENDS 


2 D'N WORDS 


4-BIT 
TRANSFERS 
MPU READS BACK 
3 DOUTWORDS 


laD 


[ 


MPU SENDS 


1 DIN WORD 


8·BIT 
TRANSFERS 


MPU READS BACK 


2 DOUTWORDS 
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MSBF 
BIT 


LATCHED 


CS l... 
BY_LI_10_91 
_ 


4 


,I 
I 


1 
I 
I 
I 
I 


PROCESSOR 
: 


MUST 
RELEASE 
I 


DATA 
LINE 
AFTER 
4TH ----oj 


RISING 
CLK 
AND 
BEFORE 


THE 4TH 
FALLING 
CLK 


5. Microprocessor Interfaces 


The LTC1091-4 can interface directly (without external 
hardware) to most popular microprocessor (MPU)synchro- 
nous serial formats (see Table 1). If an MPU without a ded- 
icated serial port is used, then 3 or 4 of the MPU's parallel 
port lines can be programmed to form the serial link to the 
LTC1091-4. Included here are one serial interface example 
and one example showing a parallel port programmed to 
form the serial interface. 


Table 1. Microprocessors with Hardware Serial 
Interfaces Compatible with the LTC1091-4 


PART NUMBER 
I 
TYPE OF INTERFACE 


Motorola 


MC6805S2, S3 
SPI 
MC68HC11 
SPI 
MC68HC05 
SPI 


RCA 


CDP68HC05 
I 
SPI 


Hitachi 


HD6305 
SCI Synchronous 
HD63705 
SCI Synchronous 
HD6301 
SCI Synchronous 
HD63701 
SCI Synchronous 
HD6303 
SCI Synchronous 
HD64180 
CSI/O 


National Semiconductor 


COP400 Family 
MICROWIREt 
COP800 Family 
MICROWIREIPLUSt 
NS8050U 
MICROWIREIPLUS 
HPC16000 Family 
MICROWIREIPLUS 


Texas Instruments 


TMS7002 
Serial Port 
TMS7042 
Serial Port 
TMS70C02 
Serial Port 
TMS70C42 
Serial Port 
TMS32011, 
Serial Port 
TMS32020 
Serial Port 
• 


'Requires 
external hardware 
tMICROWIRE and MICROWIREIPLUS are trademarks 


of National Semiconductor 
Corp. 
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Motorola SPI (MC68HC05C4, MC68HC11) 


The MC68HC05C4 has been chosen as an example of an 
MPUwith a dedicated serial port. This MPUtransfers data 
MSB first and in 8·bit increments. With two 8·bit transfers, 
the AID result is read into the MPU.The first 8·bit transfer 
sends the DINword to the LTC1091and clocks B9 and B8 
of the AID conversion result into the processor. The sec· 


ond 8·bit transfer clocks the remaining bits, B7 through 
BO,into the MPU. 


ANDing the first MPU received byte with 03 Hex clears the 
6 most significant 
bits. Notice how the position of the 
start bit in the first MPU transmit word is used to position 
the AID result right justified in two memory locations. 


Data Exchange Between LTC1091and MC68HC05C4 


BYTE2 (DUMMY) 
= 
X=DON'TCARE 
csl 
1 


START 


D'N 
11~~~ 
____ 
I 
~SIGNMoDr~ 
~ 
_ 


BYTE1 


~ 


1----1STTRANSFER---_1 


Hardware and Software Interface to Motorola MC68HC05C4 
Microcontroller 


ANALDG[ 
INPUTS 


- 
~ 
CO 


SCLK 
SCK 


DIN 
MOSI 
- 
Dour 
MISO 


Dour from LTC1091stored in MC68HC05C4RAM 


MSB 
Location A 
1000000 
B9 
B81 byte 1 


LSB 
Location A + 1 
IB7 B6 B5 B4 B3 B2 B1 BOI byte 2 


BYTE2 


~ 


1----2ND 
TRANSFER---_I 


LABEL 
MNEMONIC 
COMMENTS 


START 
BCLRn 
Bit 0 Port C goes low (CS goes low) 
LOA 
Load LTC1090 D'Nword into Ace. 


STA 
Load LTC1090 D'Nword into SPI from Ace. 
Transfer begins. 


TST 
Test status of SPIF 
BPL 
Loop to preyious instruction 
if not done 
with transfer 
LDA 
Load contents of SPI data register 
into Ace. (DOUTMSBs) 
STA 
Start next SPI cycle 
AND 
Clear 6 MSBs of first DOUTword 
STA 
Store in memory location A (MSBs) 
TST 
Test status of SPIF 
BPL 
Loop to previous instruction 
if not done 
with transfer 
BSETn 
Set BOof Port C (CS goes high) 
LOA 
Load contents of SPI data register into 
Ace. (DOUTLSBs) 


STA 
Store in memory location A + 1(LSBsj 


9-46 
.L7~ 
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Interfacing 
to the Parallel Port of the Intel 8051 Family 


The Intel 8051 has been chosen to demonstrate 
the inter- 
face between 
the LTC1091 and parallel 
port microproc- 
essors. 
Normally 
the CS, SCLK and DIN signals 
would be 


generated 
on 3 port lines and the DOUT signal read on a 4th 


port line. This works very well. However, 
we will demon- 


strate 
here an interface 
with 
the 
DIN and 
DOUT of the 
LTC1091 tied 
together 
as described 
in section 
4. This 


saves one wire. 


The 8051 first sends the start bit and MUX address to the 
LTC1091 over the data line connected 
to P1.2. Then P1.2 is 
reconfigured 
as an input (by writing 
to it a one) and the 
8051 reads back the 10-bit AID result over the same data 
line. 


ANALOG{ 
INPUTS 


cs 


LTC1091 ClK 
°oUT 
O,N 


PI.4 


Pl.3 
8051 
P1.2 


DOUT from LTC1091 stored in 8051 RAM 


MSB 


IB9 B8 B7 B6 B5 B4 B3 B21 


LSB 


IB1 BO 
0 
0 
0 
0 
0 
01 


MSBFBITLATCHED 


INTOlTCI091 


I 
i 
I 4 


LABEL 
MNEMONIC 
OPERAND 
COMMENTS 


MOV 
A,#FFH 
D'Nword fo!:.!:TC1091 


SETB 
P1.4 
~ke 
sure CS is high 


CLR 
P1.4 
CSgoes low 


MOV 
R4,#04 
Load counter 
LOOP1 
RLC 
A 
Rotate D'Nbit into Carry 
CLR 
P1.3 
SCLK goes low 
MOV 
P1.2,C 
Output D,Nbit to 
LTC1091 
SETB 
P1.3 
SCLK goes high 
DJNZ 
R4, LOOP1 
Next bit 
MOV 
P1,#04 
Bit 2 becomes an input 
CLR 
P1.3 
SCLK goes low 
MOV 
R4,#09 
Load counter 


LOOP 
MOV 
C, P1.2 
Read data bit into Carry 


RLC 
A 
Rotate data bit into Ace. 


SETB 
P1.3 
SCLK goes high 


CLR 
P1.3 
SCLK goes iow 


DJNZ 
R4, LOOP 
Next bit 


MOV 
R2,A 
Store MSBs in R2 
MOV 
C, P1.2 
Read data bit into Carry 
SETB 
P1.3 
SCLK goes high 


CLR 
P1.3 
SCLK goes low 
CLR 
A 
ClearAcc. 


RLC 
A 
Rotate data bit from 
Carry to Ace. 


MOV 
C,P1.2 
Read data bit into Carry 


RRC 
A 
Rotate right into Ace. 


RRC 
A 
Rotate right into Ace. 


MOV 
R3,A 
Store LSBs in R3 
SETB 
P1.4 
cs goes high 


r 


DATA(O'N/Oour) 
BO 


~ 
Jl I~'----------- 
~ 


B051P1.2OUTPUTSDATA 
, I 
lTC1091SENDSAID RESULT 


TOlTC1091 
: : 
BACKTO8051Pl.2 


ASANINP~~~~R2 T~E~~~~'~~~~~-: 
:- 
lTC1D91TAKESCONTROLOFDATA 
ClK ANDBEFORETHE4THFALLINGClK 
LINEON4THFALLINGClK 


.L7UO~ 
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~ 
OUTPUT 
PORT 


SERIAL 
DATA 


3 WIRE SERIAL 
INTERFACE 
TO OTHER 
PERIPHERALS 
OR LTC1094s 


Sharing the Serial Interface 


The LTC1094 can share the same 2 or 3 wire serial inter· 
face with other peripheral 
components 
or other LTC1094s 
(see Figure 3). In this case, the CS signals decide which 
LTC1094 is being addressed by the MPU. 


1. Grounding 


The LTC1091-4 
should 
be used with 
an analog 
ground 
plane and single point grounding 
techniques. 


The AGND pin (GND on the LTC1091/2) should 
be tied 
directly to this ground plane. 


The DGND pin of the LTC1093/4 can also be tied directly to 
this 
ground 
plane 
because 
minimal 
digital 
noise 
is 
generated within the chip itself. 


The Vcc pin should be bypassed to the ground plane with 
a 4.7/LFtantalum 
with leads as short as possible. AVec and 
DVcc should be tied together on the LTC1094. The V- 
pin 
(LTC1093/4) should be bypassed with a O.1/LFceramic disk. 
For single 
supply 
applications, 
V- 
can be tied to the 
ground plane. 


It is also recommended 
that the REF- 
pin and the COM 
pin be tied directly 
to the ground plane. All analog inputs 
should be referenced 
directly 
to the single point ground. 
Digital inputs and outputs 
should be shielded from and/or 
routed away from the reference and analog circuitry. 


Figure 4 shows an example 
of an ideal LTC1091 ground 
plane design for a two sided board. Of course this much 
ground plane will not always be possible, but users should 
strive to get as close to this ideal as possible. 


2. Bypassing 


For good performance, 
Vcc must be free of noise and rip· 
pie. Any changes in the Vcc voltage with respect to analog 
ground 
during 
a conversion 
cycle 
can induce 
errors 
or 
noise in the output code. Because the Vcc (VREF)pin of the 
LTC1091 defines the voltage span of the AID converter, its 
bypassing 
is especially 
important. 
Vcc noise and ripple 
can be kept below 1mV by bypassing 
the Vcc pin directly 
to the analog 
ground 
plane with 
a 4.7/LF tantalum 
with 
leads as short as possible. AVec and DVcc should be tied 
together on the LTC1094. Figures 5 and 6 show the effects 
of good and poor Vcc bypassi ng. 
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3. Analog Inputs 


Because of the capacitive 
redistribution 
AID conversion 
techniques 
used, the analog inputs of the lTC1091-4 have 
capacitive 
switching 
input current spikes. These current 
spikes settle quickly 
and do not cause a problem. 
How- 
ever, if large source resistances 
are used or if slow set- 
tling 
op amps drive the inputs, 
care must 
be taken to 
insure that the transients 
caused 
by the current 
spikes 
settle completely 
before the conversion 
begins. 


The analog 
inputs 
of the lTC1091-4 
look like a 60pF 
capacitor 
(CIN) is series 
with 
a 500n resistor 
(RON) as 
shown in Figure 7. CINgets switched between the selected 
"+" and" 
-" 
inputs once during each conversion 
cycle. 
large 
external 
source 
resistors 
and capacitances 
will 
slow the settling of the inputs. It is important that the over- 
all RC time constants 
be short enough to allow the analog 
inputs to completely 
settle within the allowed time. 


" + " Input Settling 


This input capacitor 
is switched onto the" +" input during 
the sample phase (tSMPL,see Figure 8). The sample phase 
is the 1 1/2 ClK cycles before the conversion 
starts. The 
voltage 
on the" +" input must settle completely 
within 
this sample time. Minimizing 
RSOURCE+and C1 will im- 
prove the input settling time. If large" +" input source re- 
sistance 
must be used, the sample time can be increased 
by using 
a slower 
ClK 
frequency. 
With 
the minimum 
possible sample time of 3/ls, RSOURCE+<2k and C1 <20pF 
will provide adequate settling. 


Figure 5. PoorVcc Bypassing. Noise and Ripple CanCause 
AID Errors 


Figure6. GoodVcc Bypassing KeepsNoise and Ripple On Vcc 
Below1mV 


( 
3RDCLKI 


RON=5000 
\---:L C -60 F 
4THCLKI 
-:;;); 
,N- 
P 


LTC1091 
- 
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" - " Input Settling 


At the end of the sample phase the input capacitor 
switches to the" - " input and the conversion starts (see 
Figure 8). During the conversion, the" + " input voltage is 
effectively "held" by the sample and hold and will not af- 
fect the conversion result. However, it is critical that the 
"-" 
input voltage settle completely during the first ClK 
cycle of the conversion time and be free of noise. Minimiz· 
ing RSOURCE- and C2 will improve settling time. If large 
"-" 
input source resistance must be used, the time al· 
lowed for settling can be extended by using a slower ClK 
frequency. 
At 
the 
maximum 
ClK 
rate of 
500kHz, 


RSOURCE - < 1kn 
and C2<20pF will provide adequate 
settling. 


Input OpAmps 


When driving the analog inputs with an op amp it is im· 
portant that the op amp settle within the allowed time (see 
Figure 8). Again, the "+" and "-" 
input sampling times 
can be extended as described above to accommodate 
slower op amps. Most op amps including the lT1006 and 
lT1013 single supply op amps, can be made to settle well 
evenwith the minimum settling windows of 3/Ls(" +" input) 
and 2/Ls(" - " input) which occur at the maximum clock rate 
of 500kHz. Figures 9 and 10 show examples of adequate 
and poorop ampsettling. 


SAMPLE 
HOLO 
I "+ " INPUT MUST I 
+ 


SffiLEDU9RING 
THIS TIME 


cs \________________ 
tSMPl 
_-_tC_ON_V-=--=-=== 


1ST BIT TEST 
"-"INPUT 


MUST SffiLE 
DURING THIS TIME 


"_" 
INPUT 
I 
-------------------~----- 
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RC Input Filtering 


It is possible to filter the inputs with an RC network as 
shown in Figure 11. For large values of CF(e.g., 11lF),the 
capacitive input switching currents are averaged into a 
net DCcurrent. Therefore, a filter should be chosen with a 
small resistor and large capacitor to prevent DC drops 
across the resistor. The magnitude of the DCcurrent is ap- 
proximately loc = 60pFx VIN/tcyc and is roughly propor- 
tional to VIN.When running at the minimum cycle time of 
321ls,the input current equals 91lAat VIN= 5V. In this case, 
a filter resistor of 500 will cause 0.1lSB of full-scale error. 
If a larger filter resistor must be used, errors can be elim- 
inated by increasing the cycle time as shown in the typical 
curve of Maximum Filter Resistor vs CyCleTime. 


Input Leakage Current 


Input leakage currents can also create errors if the source 
resistance gets too large. For instance, the maximum in- 
put leakage specification 
of 11lA (at 125°C) flowing 
through a source resistance of 1kOwill cause a voltage 
drop of 1mV or 0.2lSB. This error will be much reduced 
at lower temperatures because leakage drops rapidly 
(see typical curve of Input Channel leakage Current vs 
Temperature). 


4. Sample and Hold 


Single Ended Inputs 


The lTC1091, lTC1093and lTC1094 provide a built·in sam· 
pie and hold (S&H)function for signals acquired in the sin· 
gle ended mode. This sample and hold allows conversion 
of rapidly varying signals (see typical curve of S&H Ac- 
quisition Time vs Source Resistance). The input voltage is 
sampled during the tSMPLtime as shown in Figure 8. The 
sampling interval begins as the bit preceding the MSBF bit 
is shifted in and continues until the falling ClK edge after 
the MSBF bit is received. On this falling edge, the S&H 
goes into hold mode and the conversion begins. 
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Differential 
Inputs 


With differential 
inputs, the AID no longer converts just a 
single voltage but rather the difference 
between two volt· 
ages.ln 
this case, the voltage on the selected" +" input is 
still sampled 
and held and therefore 
may be rapidly time 
varying just as in single ended mode. However, the voltage 
on the selected" 
-" 
input must remain constant 
and be 
free of noise and ripple throughout 
the conversion 
time. 
Otherwise, 
the differencing 
operation 
may not be per· 
formed accurately. 
The conversion 
time is 10 ClK cycles. 


Therefore, 
a change in the" 
-" 
input voltage during this 
interval can cause conversion 
errors. For a sinusoidal 
volt· 
age on the" -" 
input this error would be: 


VERROR(MAX)= VPEAKX 2 x 7r X f(" - ") x 10/fcLK 


Where f(" -") 
is the frequency 
of the" 
-" 
input voltage, 


VPEAKis its peak amplitude 
and fCLK is the frequency 
of 
the ClK. 
In most cases VERRORwill not be significant. 
For 
a 60Hz signal on the" 
-" 
input to generate a 1/4lSB error 
(1.25mV) with the converter 
running 
at ClK = 500kHz, its 
peak value would have to be 150mV. 


5. Reference Inputs 


The voltage on the reference 
inputs of the lTC1091-4 
de· 


fines the voltage span of the AID converter. The reference 
inputs look primarily 
like a 10kO resistor but will have tran· 
sient capacitive 
switching 
currents 
due to the switched 
capacitor 
conversion 
technique 
(see Figure 
12). During 
each bit test of the conversion 
(every ClK cycle), a capaci· 
tive current spike will be generated 
on the reference pins 
by the AID. These current spikes settle quickly and do not 
cause 
a problem. 
However, 
if slow settling 
circuitry 
is 
used to drive the reference 
inputs, care must be taken to 
ensure that transients 
caused by these current spikes set· 
tie completely 
during each bit test of the conversion. 


When driving the reference inputs, three things should be 
kept in mind: 


1. The source 
resistance 
(ROUT)driving the reference 
in· 
puts should be low (less than 10) to prevent DC drops 
caused by the 1mA maximum reference current (IREF). 


2. Transients 
on the 
reference 
inputs 
caused 
by the 
capacitive 
switching 
currents 
must settle 
completely 
during each bit test (each ClK cycle). Figures 13 and 14 
show examples of both adequate and poor settling. 
Us· 
ing a slower ClK will allow more time for the reference 
to settle. 
However, even at the maximum 
ClK 
rate of 
500kHz most references 
and op amps can be made to 
settle within the 2p.sbit time. 


3. It is recommended 
that the REF- 
input of the lTC1094 
be tied directly 
to the analog ground plane. If REF- 
is 
biased at a voltage other than ground, the voltage must 
not change 
during 
a conversion 
cycle. 
This voltage 
must also be free of noise and ripple with respect to 
analog ground. 


EVERY ClK CYCLE 
I 
RON 
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-=- VREF 
REF- 
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6. Reduced Reference Operation 


The minimum reference voltage of the LTC1091is limited 
to 4.5V because the Vcc supply and reference are in· 
ternally tied together. However, the LTC1092/3/4 
can oper· 
ate with reference voltages below 1V. 


The effective resolution of the LTC1092/3/4 
can be in· 
creased by reducing the input span of the converter. The 


LTC1092/3/4 
exhibits good linearity and gain over a wide 
range of reference voltages (seetypical curves of Linearity 
and Full Scale Error vs Reference Voltage). However, care 
must be taken when operating at low values of VREFbe· 
cause of the reduced LSB step size and the resulting 
higher accuracy requirement placed on the converter. The 
following factors must be considered when operating at 
low VREFvalues. 


1. Offset 
2. Noise 
3. Conversion speed (CLK frequency) 


Offset with Reduced VREF 


The offset of the LTC1092/3/4 
has a larger effect on the 
output code when the AID is operated with reduced refer· 
ence voltage. The offset (which is typically a fixed voltage) 
becomes a larger fraction of an LSB as the size of the LSB 
is reduced. The typical curve of Unadjusted Offset Error vs 
Reference Voltage shows how offset in LSBs is related to 
reference voltage for a typical value of Vas. For example, a 
Vas of O.5mV which is O.1LSB with a 5V reference be· 
comes O.5LSBwith a 1V reference and 2.5LSBs with a O.2V 
reference. If this offset is unacceptable, it can be cor- 
rected digitally by the receiving system or by offsetting 
the" -" 
input to the LTC1092/3/4. 


Noise with Reduced VREF 


The total input referred noise of the LTC1092/3/4 
can be reo 
duced to approximately 
200/lV peak·to-peak using 
a 
ground plane, good bypassing, good layout techniques 
and minimizing noise on the reference inputs. This noise 
is insignificant 
with a 5V reference but will become a 
larger fraction of an LSB as the size of the LSB is reduced. 
The typical curve of Noise Error vs Reference Voltage 
shows the LSB contribution of this 200/lVof noise. 


For operation with a 5V reference, the 200/lV noise is only 
O.04LSBpeak·to·peak. In this case, the LTC1092/3/4 
noise 
will contribute virtually no uncertainty to the output code. 
However, for reduced references, the noise may become a 
significant fraction of an LSB and cause undesirable jitter 
in the output code. For example, with a 1V reference, this 
same 200/lVnoise is O.2LSBpeak·to-peak. This will reduce 
the range of input voltages over which a stable output 
code can be achieved by O.2LSB.If the reference is further 
reduced to 200mV, the 200/lV noise becomes equal to one 
LSB and a stable code may be difficult to achieve. In this 
case averaging readings may be necessary. 


This noise data was taken in a very clean setup. Any setup 
induced noise (noise or ripple on Vcc, VREF,VINor V-) will 
add to the internal noise. The lower the reference voltage 
to be used, the more critical it becomes to have a clean, 
noise-free setup. 


Conversion Speed with Reduced VREF 


With reduced reference voltages, the LSB step size is reo 
duced and the LTC1092/3/4 
internal comparator overdrive 
is reduced. Therefore, it may be necessary to reduce the 
maximum CLK frequency when low values of VREFare 
used. 
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Acquisition System with On Board Reference 


DESCRIPTiOn 


• On Board 5V Precision Buried Zener Reference 
• Software Controlled 6 Channel Multiplexer 
• 
Differential and Single Ended Input Capability 
• 
Built·ln Sample and Hold for Single Ended Inputs 
• Analog Inputs Common Mode to Both Supply Rails 
• Single Supply (7.2Vto 40V)or Split Supply Operation 
• 
10Bit Unipolar or 9 Bit Plus Sign Bipolar 
• 2's Complement Output Coding on Bipolar Conversions 
• 
Direct Interface to Most Microprocessor Serial Data 
Ports Including Mortorola SPI, Hitachi SCI and National 
MICROWIRE/PLUS* 
• Software Interface to Other Microprocessor Parallel 
Ports 
• 
MSB or LSB First Data 


10Bits 
± 0.5LSB (0.05% FSR)Max 
±0.15% FSR 
20jLs 
25kH2 
4.7mA Max, 2.3mA Typ 


• 
Resolution 
• 
Linearity Error 
• Total Unadjusted Error 
• Conversion Time 
• Sampling Rate 
• Supply Current 
• 
Full Scale Error Temperature 
Drift (B Grade) 
23ppm/oC Max 


'MICROWIREJPLUS is a trademark of National Semiconductor . 


The LTC1095 is a complete data acquisition 
component 
which contains a serial 1/0, successive approximation AID 
converter, a 6 channel multiplexer, a sample and hold, and 
an on board reference. It uses LTCMOSTMswitched capaci· 
tor technology to perform either 10 bit unipolar, or 9 bit 
plus sign bipolar AID conversions. The 6 channel input 
multiplexer can be software configured for either single 
ended or differential inputs (or combinations thereof). The 
on chip sample and hold is included for all single ended in· 
put channels. The LTC1095 is specified as a complete 
system. This specification 
includes the error contribution 
of the AID, MUX,S&H, and reference. 


The serial 110 is designed to be compatible with industry 
standard serial interfaces. It allows either MSB or LSB 
first data and automatically provides 2's complement out· 
put coding in the bipolar mode. This allows easy interface 
to shift registers and a variety of processors. 


All grades of the LTC1095have guaranteed maximum off· 
set and linearity errors of ± 0.5LSB over the full operating 
temperature range. The LTC1095B is specified with gain 
error less than ± 0.1% maximum. 


The LTC1095Cis specified with a gain error limit of ± 0.2% 
FSR maximum. 


. 
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INPUTS 
G-SVRAHGf. 


@ 


..L7UO~ 


ABSOLUTE mAXimum 
RATinGS 
PACKAGE/ORDER InFORmATion 


(Notes 1and 2) 
Supply Voltage 01+) to GND 
40V 
SupplyVoltage0JcdtoGNDorV- 
12V 
Negative Supply Voltage 01-) 
- 6V to GND 
Voltage 
Analog and Reference Inputs .. 01-) - 0.3Vto Vcc+ 0.3V 
Digital Inputs 
- 0.3V to 12V 
Digital Outputs 
- 0.3V to Vcc + 0.3V 
Power Dissipation 
500mW 
Operating Temperature Range 
LTC1095BC, LTC1095CC 
O°C to lO°C 
LTC1095BM, LTC1095CM 
- 55°C to 125°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


ORDER PART 
NUMBER 


LTC1095BMJ 
LTC1095CMJ 
LTC1095BCJ 
LTC1095CCJ 
LTC1095BCN 
LTC1095CCN 


conVERTER AnD mULTIPLEXER CHARACTERISTICS(Note 3) 


(With internal reference) 


CONDITIONS 
LTC1095B 
LTC1095C 
PARAMETER 
(see SChematic of Figure 1) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Offset Error 
• 
±0.5 
±0.5 
LSB 


Linearity Error 
(Notes 4 and 5) 
• 
±0.5 
+0.5 


Gain Error 
(Note 4) 
+0.1 
±0.2 
%FSR 


Commercial Range 
• 
±0.15 
+0.3 


Military Range 
• 
+0.2 
±0.4 


Total Unadjusted Error 
(Notes 4 and 6) 
±0.15 
±0.25 
%FSR 


Commercial Range 
• 
±0.2 
±0.35 


Military Range 
• 
+0.25 
+0.45 


Full Scale Error 
Commercial Grade 
• 
(Note 9) 
(Note 9) 


Temperature Coefficient 
Military Grade 
• 
23 
45 
ppm/oC 
(Note 10) 


LTC1095B 
LTC1095C 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Output Voltage 
5.000 
5.000 
V 


Output Voltage Temperature 
2 
5 
ppmloC 


Coefficient 


Line Regulation 
7.2V sV· 
s 10V 
4 
12 
4 
12 
ppmN 
• 
20 
20 


10VsV· 
s40V 
2 
6 
2 
6 
• 
10 
10 


Load Regulation 
Os IIREFouris10mA 
10 
25 
10 
25 
ppm/mA 


(Sourcing Current) 
• 
40 
40 


Load Regulation 
OS IIREFOUTIs 10mA 
60 
150 
60 
150 


(Sinking Current) 
• 
200 
200 


LTC1095B/LTC1095C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


V1H 
High Level Input Voltage 
Vce=5.25V 
• 
2.0 
V 


V1l 
Low Level Input Voltage 
Vcc=4.75V 
• 
0.8 
V 


IIH 
High Level Input Current 
VIN= Vcc 
• 
2.5 
~A 


III 
Low Level Input Current 
VIN=OV 
• 
-2.5 
~A 


VOH 
High Level Output Voltage 
Vce=4.75V, 
10=10~A 
4.7 
V 
10=360~A 
• 
2.4 
4.0 
V 


VOL 
Low Level Output Voltage 
Vce = 4.75V, 10= 1.6mA 
• 
0.4 
V 


10l 
Hi-Z Output Leakage 
VOUT=VCC...QSHigh 
• 
3 
~A 
VouT=OV,CSHigh 
• 
-3 
~A 


ISOURCE 
Output Source Current 
VOUT=OV 
-10 
mA 


ISINK 
Output Sink Current 
VOUT=Vce 
10 
mA 


Ice 
Positive Supply Current 
CS High, REF· Open 
• 
1.0 
2.5 
mA 


IREFIN 
Reference Input Current 
REF1N= 5V 
• 
0.5 
1.0 
mA 
1- 
Negative Supply Current 
CS High 
• 
1 
50 
~A 


I· 
On Chip Reference Current 
V· = 10V REFoUTOpen 
• 
0.8 
1.2 
mA 


Reference Input Resistance 
10 
kll 


Analog and REF Input Range 
(Note 7) 
(V-)- 
0.05V to Vcc + 0.05V 
V 


On Channel Leakage 
On Channel = 5V 
Current (Note 8) 
Off Channel = OV 
• 
1 
~A 


On Channel = OV 
Off Channel = 5V 
• 
-1 


Off Channel Leakage 
On Channel = 5V 
Current (Note 8) 
Off Channel = OV 
• 
-1 
~A 


On Channel = OV 
Off Channel = 5V 
• 
1 


LTC1095B/LTC1095C 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


tSMPL 
Analog Input Sample Time 
See Operating Sequence 
1.5 
CLKCycies 


tCONV 
Conversion Time 
See Operating Sequence 
10 
CLKCycies 


tdDO 
Delay Time, CLKI to Dour Data Valid 
See Parameter Measurement Section 
• 
400 
850 
ns 


tdis 
DelayTlme, CSt to Dour Hi-Z 
See Parameter Measurement Section 
• 
180 
450 
ns 


ten 
DelayTime, CLKI to Dour Enabled 
See Parameter Measurement Section 
• 
160 
450 
ns 


thDO 
Time Output Data Remains Valid After CLKI 
150 
ns 


tf 
Dour Fall Time 
See Parameter Measurement Section 
• 
90 
300 
ns 


t, 
Dour Rise Time 
See Parameter Measurement Section 
• 
60 
300 
ns 


CIN 
Input Capacitance 
Analog Inputs On Channel 
65 
pF 
Off Channel 
5 
pF 
Digital Inputs 
5 
pF 


Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 
Note 2: All voltage values are with respect to ground with DGND, AGND, 
and REF - wired together (unless otherwise noted). 
Note 3: Vcc=5V, REF1N= REFour, V+ = 10V, IREFour= 0, V- =OV for uni- 
polar mode and - 5V for bipolar mode, CLK = 0.5MHz unless otherwise 
specified. The. 
Indicates specs which apply over the full operating tem- 
perature range; ali other limits and typicals TA= 25°C. 
Note 4: These specs apply for both unipolar and bipolar modes. In bipolar 
mode, one LSB is equal to the bipolar input span (2REFIN)divided by 1024. 
For example, when REF1N= 5V, 1LSB (bipolar) = 2(5V)/1024 = 9.77mV. 
Note 5: Linearity error is specified between the actual end points of the AID 
transfer curve. 
Note 6: Total unadjusted error includes offset, full scale, linearity, multi· 
plexer, reference and hold step errors. 
Note 7: Two on-chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 


below V- orone diode drop above Vcc. Be careful during testing at low Vcc 
levels (4.5V), as high level reference or analog inputs (5V)can cause this in· 
put diode to conduct, especially at elevated temperatures, 
and cause errors 
for inputs near fuil-scale. This spec allows 50mV forward bias of either 
diode. This means that as long as the reference or analog input does not ex· 
ceed the supply voltage by more than 5OmV,the output code will be correct. 
To achieve an absolute OVto 5V input voltage range will therefore require a 
minimum supply voltage of 4.95OVover initial tolerance, temperature varia· 
tions and loading. 
Note 8: Channel leakage current is measured after the channel selection. 
Note 9: For commercial grade parts with tested and specified lC. consult 
the factory. 
Note 10: This is specified for both unipolar and bipolar modes via the 
"box" method. The lowest of three readings (TMIN,TROOM,TMoWsubtracted 
from the highest and divided by TMAX- TMINis guaranteed to be less than 
the specified lC. These numbers are guaranteed by the MIL range gain er· 
ror test limits. For tighterlC. 
specifications, 
consult the factory. 


LTC1095B/LTC1095C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNITS 


Vcc 
Supply Voltage 
4.5 
10 
V 


V 
Negative Supply Voltage 
Vcc=5V 
-5.5 
0 
V 


fCLK 
Clock Frequency 
Vcc=5V 
0.01 
0.5 
MHz 


tCYC 
Total Cycle Time 
18 CLK Cycles + 2~s 


thOI 
Hold Time, DINAfter SCLK t 
Vcc=5V 
150 
ns 


tsucs 
Setup Time CSI Before CLKI 
Vcc=5V 
1 
~s 


tsuOI 
Setup Time, DINStable Before CLKI 
Vcc=5V 
400 
ns 


tWHCLK 
CLK High Time 
Vcc=5V 
0.8 
~s 


tWLCLK 
CLK Low Time 
Vcc=5V 
1 
~s 


tWHCS 
CS High Time Between Data Transfer Cycles 
Vcc=5V 
2 
~s 


tWLCS 
CS Low Time During Data Transfer 
18 
CLKCycies 


] 


OFF 
CHANNELS 


DOUT 
TEST POINT 


~ 
lODpF 


DOUT-=r-JE--2AV 
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DOUT 
WAVEFORM 1 
(SEE NOTE 1) 


DOUT 


WAVEFORM 2 
(SEE NOTE 2) 


NOTE 1: WAVEFORM 1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT 
THE OUTPUT IS HIGH UNLESS DISABLED BY THE OUTPUT CONTROL. 


NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT 
THE OUTPUT IS LOW UNLESS DISABLED BY THE OUTPUT CONTROL. 


DIN ~~ 
_ 


lTC10951 
PIN 
FUNCTION 
DESCRIPTION 


1-6 
CHO-CH5 
Analog Inputs 
The analog inputs must be free of noise with respect to AGND. 


7 
COM 
Common 
The common pin defines the zero reference point for all single ended inputs. It 
must be free of noise and is usually lied to the analog ground plane. 


8 
DGND 
Digital Ground 
This is the ground for the internal logic. Tie to the ground plane. 


9 
y- 
Negative Supply 
Tie Y- to most negative potential in the circuit. (Ground in single supply 
applications.) 
10 
Y· 
Reference Supply 
Supply pin for on board reference. 


11 
REFoUT 
Reference Output 
Output of on board reference. 
12 
AGND 
Analog Ground 
AGND should be tied directly to the analog ground plane. 
13 
REF1N 
Reference Input 
The reference input must be kept free of noise with respect to AGND. 
14 
DIN 
Data Input 
The AID configuration 
word is shifted into this input. 


15 
~UT 
Digital Data Output 
The AID conversion result is shifted out of this output. 


16 
Chip Select Input 
A logic lowon this input enables the lTC1095. 
17 
ClK 
Shift Clock 
This clock synchronizes the serial data transfer. 
18 
Ycc 
Positive Supply 
This supply must be kept free of noise and ripple by bypassing directly to the 
analog ground plane. 
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The lTC1095 is a data acquisition component which con· 
tains the following functional blocks: 


1. 10·bit successive approximation AID converter 
2. Analog multiplexer (MUX) 
3. Sample and hold (S&H) 
4. Synchronous, half duplex serial interface 
5. Control and timing logic 
6. On board reference 


1. Serial Interface 


The lTC1095 communicates with microprocessors and 
other external circuitry via a synchronous, half duplex, 
four wire serial interface (see Operating Sequence). The 
clock (ClK) synchronizes the data transfer with each bit 
being transmitted on the falling ClK edge and captured on 
the rising ClK edge in both transmitting and receiving sys· 
tems. The lTC1095 first receives input data and then 
transmits back the AID conversion result (half duplex). Be· 
cause of the half duplex operation, DINand Dour may be 
tied together allowing transmission over just 3 wires: CS, 
ClK and DATA(DINJDour). 


Data transfer is initiated by a falling chip select (CS) 
signal. After CS falls the lTC1095 looks for a start bit. Af· 
ter the start bit is received, a 6·bit input word is shifted into 
the DINinput which configures the lTC1095 and starts the 
conversion. After one null bit, the result of the conversion 
is output on the Dour line. At the end of the data exchange 
CS should be brought high. This resets the lTC1095 in 
preparation for the next data exchange. 


i5Sl 
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ShiftMuxJ 
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1NullBit 
ShiftAIDConversion 
ResultOut 


2. Input Data Word 


The lTC1095 clocks data into the DINinput on the rising 
edgeof the clock. The input data word is defined as follows: 


Unipolarl 
Bipolar 


MSB First! 
LSB First 


Start Bit 


The first "logical one" clocked into the DINinput after CS 
goes low is the start bit. The start bit initiates the data 
transfer. The lTC1095 will ignore all leading zeros which 
precede this logical one. After the start bit is received, the 
remaining bits of the input word will be clocked in. Further 
inputs on the DINpin are then ignored until the next CS 
cycle. 


Multiplexer (MUX)Address 


The bits of the input word following the START bit assign 
the MUXconfiguration for the requested conversion. For a 
given channel selection, the converter will measure the 
voltage between the two channels indicated by the + and 
- signs in the selected row of the following tables. In sin- 
gle ended mode, all input channels are measured with re- 
spect to COM. 


LTC1095Channel Selection 


MUXADDRESS 
DIFFERENTIAL 
CHANNEL SELECTION 


SGU 
0001 
SELECT 
DIFF 
SIGN 
1 
0 
0 
1 
2 
3 
4 
5 


0 
0 
0 
0 
+ 
- 


0 
0 
0 
1 
+ 
- 


0 
0 
1 
0 
+ 
- 


0 
0 
1 
1 
NOT USED 


0 
1 
0 
0 
- 
+ 


0 
1 
0 
1 
- 
+ 


0 
1 
1 
0 
- 
+ 


0 
1 
1 
1 
NOT USED 


MUXADDRESS 
SINGLE ENDED CHANNEL 
SELECTION 


SGU 
0001 
SELECT 
DIFF 
SIGN 
1 
0 
0 
1 
2 
3 
4 
5 
COM 


1 
0 
0 
0 
+ 
- 


1 
0 
0 
1 
+ 
- 


1 
0 
1 
0 
+ 
- 


1 
0 
1 
1 
NOT USED 


1 
1 
0 
0 
+ 
- 


1 
1 
0 
1 
+ 
- 


1 
1 
1 
0 
+ 
- 


1 
1 
1 
1 
NOT USED 


MSB First/LSB First (MSBF) 


The output data of the LTC1095 is programmed for MSB 
first or LSB first sequence using the MSBF bit. When the 
MSBF bit is a logical one, data will appear on the Dour line 
in MSB first format. Logical zeros will be filled in indefi- 
nitely following the last data bit to accommodate longer 
word lengths required by some microprocessors. When 
the MSBF bit is a logical zero, LSBfirst data will follow the 
normal MSB first data on the Dour line. (See operating 
sequence). 


LTC1095Operating Sequence 
Example: Differential Inputs (CH4+,CH5 - ), Unipolar Mode 


MSB First Data (MSBF = 1) 


esl~1 
'_CYc 
--'r-L 


START 
SEl t 
UNI 
OINLJLJL.J 
~¥,H:f@f~ 


SGll 
0001 
SElO 
MSBF 


OIFF 
SIGN 
Hi-Z 


LSB First Data (MSBF =0) 


1 
'cvc----------------'I 


esl..... 
----JIL 


Unipolar/Bipolar (UNI) 


The UNI bit of the LTC1095determines whether the conver· 
sion will be unipolar or bipolar. When UNI is a logical one, a 
unipolar conversion will be performed on the selected input 
voltage. When UNI is a logical zero, a bipolar conversion will 
result. The input span and code assignment for each con· 
version type are shown in the figures below. 


Unipolar Output Code (UNI = 1) 


INPUT VOLTAGE 
OUTPUT CODE 
INPUT VOLTAGE 
(REF1N=5V) 


1111111111 
REFIN-1LSB 
4.9951V 
1111111110 
REFIN-2LSB 
4.9902V 
· 
• 
· 
• 
· 
· 
· 
· 
· 
0000000001 
1LSB 
0.OO49V 
0000000000 
OV 
OV 


INPUT VOLTAGE 
OUTPUT CODE 
INPUT VOLTAGE 
(REF1N=5V) 


0111111111 
REF,N-1LSB 
4.9902V 
0111111110 
REF1N-2LSB 
4.9805V 
· 
· 
· 
· 
· 
· 
· 
• 
· 
0000000001 
1LSB 
0.0098V 
0000000000 
OV 
OV 
1111111111 
-1LSB 
-0.0098V 
1111111110 
-2LSB 
-0.0195V 
· 
· 
· 
· 
· 
· 
· 
· 
· 
1000000001 
- (REFIN)+ 1LSB 
-4.9902V 
1000000000 
-(REF1Nl 
- 5.000V 


0000000001 
0000000000 
OV 
1LSB 
REFIN-2LSB: 
REFIN 


, 


REF'N-1LSB 


- REFIN+ 1LSB 
, 


-REF'N 
I 


JT! 


~ 


" 
I 
I 
I 


I 
' 
I 
, 
' 
, 
, 
' 
, 
1lSB 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 


, 
, 
I 
1 


REF,N-2LSB, 
REF'N 
,, 


REF,N-1LSB 


3. Accommodating 
Microprocessors 
with Different Word 
Lengths 


The LTC1095will fill zeroes indefinitely after the transmit· 
ted data until CS is brought high. At that time the DOUTline 
is disabled. This makes interfacing easy to MPU serial 
ports with different transfer increments including 4 bits 
(e.g.,COP400)and 8 bits (e.g.,SPIand MICROWIRE/PlUS). 


Figure 1 shows examples of lTC1095 input and output 
words for 4·bit and 8·bit processors. A complete data ex· 
change can be implemented with two Hit 
MPU outputs 
and three inputs in 4·bit systems and one 8·bit output and 
two inputs in 8·bit systems. The resulting data winds up 
left justified in the MPUwith zeroes automatically filled in 
the unused low order bits by the lTC1095. In section 5 an· 
other example is given using the MC68HC05C4 which 
positions data right justified inside the MPU. 


4. Operation with DINand DOUTTied Together 


The lTC1095 can be operated with DINand DOUTtied to· 
gether. This eliminates 
one of the lines required to 
communicate to the MPU. Data is transmitted 
in both 
directions on a single wire. The processor pin connected 
to this data line should be configurable as either an input 
or an output. The lTC1095 will take control of the data line 
and drive it low on the 7th falling ClK edge after the start 
bit is received (see Figure 2).Therefore the processor port 
line must be switched to an input before this happens, to 
avoid a conflict. 


In the next section, an example is made of interfacing the 
lTC1095 with DINand DOUTtied together to the Intel 8051 
MPU. 
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D 
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MPU SENOS 
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3 Door 
INORDS 
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MPU SENDS 


1 DIN WORD 


8-BIT 


TRANSFERS 


MPU 
READS BACK 


2 Dour 
WORDS 


189 
B8 
B7 
B6I1BS 
54 
B3 
B2 II B' 
BO 
0 
o 
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l' 
~I~~~~ $1 
SO 
UN' 
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X 
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IB' 
BB 
B7 
B6 
B5 
B. 
B3 "'/1 B1 
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0 
0 
0 
0 
0 
o I 


esl 


MSBF BIT 
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5. Microprocessor Interfaces 


The LTC1095can interface directly (without external hard- 
ware) to most popular microprocessor (MPU)synchronous 
serial formats (seeTable 1).lf an MPU without a dedicated 
serial port is used, then 3 or 4 of the MPU's parallel port 
lines can be programmed to form the serial link to the 
LTC1095.Included here are one serial interface example 
and one example showing a parallel port programmed to 
form the serial interface. 


Motorola SPI (MC68HC05C4, MC68HC11) 


The MC68HC05C4 has been chosen as an example of an 
MPUwith a dedicated serial port. This MPUtransfers data 
MSB first and in 8-bit increments. With three 8·bit trans· 
fers, the AID result is read into the MPU. The first a·bit 
transfer sends the start bit and the SGUDIFF bit of the DIN 
word to the LTC1095.The second 8-bit transfer clocks the 
remaining DINword bits, and B9 and B8 of the AID conver· 
sion result. The third transfer clocks the remaining DOUT 
bits into the I!P. 


ANDing the most significant byte with 03 Hex clears the 6 
most significant bits. Notice how the position of the start 
bit in the first MPU transmit word is used to position the 
AID result right justified in two memory locations. 


Table 1. Microprocessors with Hardware Serial 
Interfaces Compatible with the LTC1095 


PART NUMBER 
TYPE OF INTERFACE 


Motorola 


MC680SS2, S3 
SPI 
MC68HC11 
SPI 
MC68HCOS 
SPI 


RCA 


CDP68HCOS 
SPI 


Hitachi 


HD630S 
SCI Synchronous 
HD6370S 
SCI Synchronous 
HD6301 
SCI Synchronous 
HD63701 
SCI Synchronous 
HD6303 
SCI Synchronous 
HD64180 
CSI/O 


National Semiconductor 


COP400 Family 
MICROWIREt 
COP800 Family 
MICROWIRElPLUSt 
NS8050U 
MICROWIREIPLUS 
HPC16000 Family 
MICROWIREIPLUS 


Texas Instruments 


TMS7002 
Serial Port 
TMS7042 
Serial Port 


TMS70C02 
Serial Port 
TMS70C42 
Serial Port 
TMS32011, 
Serial Port 
TMS32020 
Serial Port 
TMS320C2S' 
Serial Port 


'Requires 
external hardware 
tMICROWIRE and MICROWIREIPLUS are trademarks 
of National Semiconductor 
Corp. 


BYTE 1 
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BYTE 2 
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BYTE 3 (DUMMY) 
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START 
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BYTE 1 
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BYTE 2 


I 
2ND TRANSFER 
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Hardware and Software 
Interface to Motorola 
MC68HCOSC4 
Microcontroller 


lTC1095 
MC68HC05C4 


cs 
co 


_00 ( 


ClK 
SCK 


INPUTS 


°IN 
MOSI 


DOUT 
MISO 


Dour from LTC1095stored in MC68HC05C4 RAM 


MSB 


Location A 
10 0 
0 
0 
0 
0 
B9 
B81 byte 1 


LSB 


Location A + 1 
I B7 B6 B5 B4 B3 B2 B1 BOI 
byte 2 


LABEL 
MNEMONIC 
COMMENTS 


START 
BCLRn 
Bit 0 Port C goes low (CS goes low) 
LOA 
Load LTC1095 DINword into Acc. 
STA 
Load LTC1095 DINword into SPI from Acc. 
Transfer begins. 
TST 
Test status of SPIF 
BPL 
Loop to previous instruction 
if not done 
with transfer 
LOA 
Load next LTC1095 DINword into Acc. 
STA 
Load LTC1095 DINword into SPI from Acc. 
Transfer begins. 
TST 
Test status of SPIF 
BPL 
Loop to previous instruction 
if not done 
with transfer 
LOA 
Load contents of SPI data register 
into Acc. (DoUTMSBs) 
STA 
Start next SPI cycle 
AND 
Clear 6 MSBs of first DoUTword 
STA 
Store in memory location A (MSBs) 
TST 
Test status of SPIF 
BPL 
Loop to previous instruction 
if not done 
with transfer 
BSETn 
Set BOof Port C (CS goes high) 
LOA 
Load contents of SPI data register into 
Acc. (Dour LSBs) 
STA 
Store in memory location A + 1 (LSBs) 


Interfacing to the Parallel Port of the Intel 8051 Family 


The Intel 8051 has been chosen to demonstrate the inter- 
face between the lTC1095 and parallel port microproc- 
essors. Normally the CS, ClK and DINsignals would be 
generated on 3 port lines and the DOUTsignal read on a 4th 
port line. This works very well. However, we will demon· 
strate here an interface with the DIN and DOUTof the 
lTC1095 tied together as described in section 4. This 
saves one wire. 


The 8051 first sends the start bit and MUX address to the 
lTC1095 over the data line connected to P1.2.Then P1.2is 
reconfigured as an input (by writing to it a one) and the 
8051 reads back the 10-bit AID result over the same data 
line. 


ANALOG 
{ 
INPUTS 


cs 


LTC1095 
CLK 
Dour 


D'N 


P1.4 


P1.3 
8D51 


P1.2 


DOUTfrom lTC1095 stored in 8051 RAM 


MSB 


R2 
IB9 B8 B7 B6 B5 B4 B3 B21 


lSB 


R3 
IB1 BO 0 
0 
0 
0 
0 
01 


LABEL 
MNEMONIC 
OPERAND 
COMMENTS 


MOV 
A,#FFH 
D,Nword fO!..hTC1095 
SETB 
P1.4 
~ke 
sure CS is high 
CLR 
P1.4 
cs goes low 
MOV 
R4,#07 
Load counter 
LOOP 1 
RLC 
A 
Rotate D,Nbit into Carry 
CLR 
P1.3 
CLKgoes low 
MOV 
P1.2,C 
Output D,Nbit to 
LTC1095 
SETB 
P1.3 
CU< goes high 
DJNZ 
R4,LOOP1 
Next bit 
MOV 
P1,#04 
Bit 2 becomes an input 
CLR 
P1.3 
CLKgoeslow 
MOV 
R4,#09 
Load counter 
LOOP 
MOV 
C,P1.2 
Read data bit into Carry 
RLC 
A 
Rotate data bit into Ace. 


SETB 
P1.3 
CLK goes high 
CLR 
P1.3 
CLKgoes low 
DJNZ 
R4,LOOP 
Next bit 
MOV 
R2,A 
Store MSBs in R2 
MOV 
C,P1.2 
Read data bit into Carry 
SETB 
P1.3 
CLK goes high 
CLR 
P1.3 
CLKgoes low 
CLR 
A 
Clear Ace. 
RLC 
A 
Rotate data bit from 
Carry to Ace. 


MOV 
C,P1.2 
Read data bit into Carry 
RRC 
A 
Rotate right into Ace. 
RRC 
A 
Rotate right into Ace. 


MOV 
R3,A 
Store LSBs in R3 
SETB 
P1.4 
cs goes high 


MSBF 
BIT LATCHED 
INTO lTC1095 


Ii 


'7 


DATA(DIN/Dour) 
Bo 


'I 
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I 
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Sharing the Serial Interface 


The LTC1095 can share the same 2 or 3 wire serial inter- 
face with other peripheral 
components 
or other LTC1095s 


(see Figure 3). In this case, the CS signals 
decide which 
LTC1095 is being addressed by the MPU. 


1. Grounding 


The LTC1095 should be used with an analog ground plane 
and single point grounding 
techniques. 


The AGND pin should be tied directly to this ground plane. 


The DGND pin of the LTC1095 can also be tied directly 
to 


this 
ground 
plane 
because 
minimal 
digital 
noise 
is 
generated within the chip itself. 


The Vcc pin should be bypassed to the ground plane with 
a 4.7JLFtantalum 
with leads as short as possible. 
The V- 
pin should be bypassed with a O.1JLFceramic disk. For sin- 
gle supply 
applications, 
V- 
can be tied to the ground 
plane. 


It is also recommended 
that the COM pin be tied directly 
to the ground 
plane. All analog 
inputs 
should 
be refer- 
enced directly 
to the single 
point 
ground. 
Digital 
inputs 
and outputs 
should be shielded 
from and/or routed away 
from the reference and analog circuitry. 


Figure 4 shows 
an example 
of an ideal LTC1095 ground 
plane design for a two sided board. Of course this much 
ground plane will not always be possible, 
but users should 
strive to get as close to this ideal as possible. 


Vcc 


4.7"F 
TANTALUM1 • 


2. Bypassing 


For good performance, Vcc must be free of noise and rip- 
ple. Any changes in the Vcc voltage with respect to analog 
ground during a conversion cycle can induce errors or 
noise in the output code. Vcc noise and ripple can be kept 
below 1mV by bypassing the Vcc pin directly to the analog 
ground plane with a 4.7IlFtantalum with leads as short as 
possible. Figures 5 and 6 show the effects of good and 
poor Vcc bypassing. 


3. Analog Inputs 


Because of the capacitive redistribution AID conversion 
techniques used, the analog inputs of the lTC1095 have 
capacitive switching input current spikes. These current 
spikes settle quickly and do not cause a problem. How- 
ever, if large source resistances are used or if slow set· 
tling op amps drive the inputs, care must be taken to 
insure that the transients caused by the current spikes 
settle completely before the conversion begins. 


Source Resistance 


The analog inputs of the lTC1095100k like a 60pF capaci· 
tor (CIN)in series with a 500n resistor (RON)as shown in 
Figure 7.CINgets switched between the selected "+" and 


II _" 
inputs once during each conversion cycle. large ex- 
ternal source resistances and capacitances will slow the 
settling of the inputs. It is important that the overall RC 
time constants be short enough to allow the analog inputs 
to completely settle within the allowed time. 


"+ " Input settling 


This input capacitor is switched onto the II + " input during 
the sample phase (tSMPL,see Figure 8).The sample phase 
is the 1 1/2 ClK cycles before the conversion starts. The 
voltage on the 
II +" input must settle completely within 
this sample time. Minimizing RSOURCE+and C1 will im· 
prove the input settling time. If large "+" input source re- 


sistance must be used, the sample time can be increased 
by using a slower ClK 
frequency. With the minimum 
possible sample time of 31ls,RSOURCE+<2k and C1<20pF 
will provide adequate settling. 


Figure 5. PoorVcc Bypassing. Noise and Ripple Can Cause 
AID Errors. 


Figure 6. Good Vcc Bypassing Keeps Noise and Ripple On Vcc 
Below1mV 
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"_" 
INPUT 
I 
--------,,-- 


"-" 
Input Settling 


At the end of the sample phase the input capacitor 
switches to the II -" 
input and the conversion starts (see 
Figure 8). During the conversion, the II +" input voltage is 
effectively "held" by the sample and hold and will not af· 
feet the conversion result. However, it is critical that the 


II _" 
input voltage settle completely during the first ClK 
cycle of the conversion time and be free of noise. Minimiz· 
ing RSOURCE- 
and C2 will improve settling time. If large 


II _" 
input source resistance must be used, the time al· 
lowed for settling can be extended by using a slower ClK 
frequency. 
At 
the 
maximum 
ClK 
rate 
of 
500kHz, 


RSOURCE- <1kO 
and C2<20pF 
will provide adequate 
settling. 


Input Op Amps 


When driving the analog inputs with an op amp it is im- 
portant that the op amp settle within the allowed time (see 
Figure 8). Again, the 
II +" and II - 
II input sampling times 
9 


can be extended as described above to accommodate 
slower op amps. Most op amps including the lT1006 and 
lT1013 single supply op amps, can be made to settle well 
evenwith the minimum settling windows of 3/ls(" + II input) 
and 2/ls(" - " input) which occur at the maximum clock rate 
of 500kHz. Figures 9 and 10 show examples of adequate 
and poor op amp settling. 


RC Input Filtering 


It is possible to filter the inputs with an RC network as 
shown in Figure 11. For large values of CF(e.g., 11lF),the 
capacitive input switching currents are averaged into a 
net DCcurrent. Therefore, a filter should be chosen with a 
small resistor and large capacitor to prevent DC drops 
across the resistor. The magnitude of the DCcurrent is ap· 
proximately IDC= 60pF x VIN/tcyc and is roughly propor· 
tional to VIN.When running at the minimum cycle time of 
381ls,the input current equals 81lAat VIN= 5V. In this case, 
a filter resistor of 50n will cause O.1lSB of full-scale error. 
If a larger filter resistor must be used, errors can be elim- 
inated by increasing the cycle time as shown in the typical 
curve of Maximum Filter Resistor vs Cycle Time. 


Input Leakage Current 


Input leakage currents can also create errors if the source 
resistance gets too large. For instance, the maximum in· 
put leakage specification 
of 11lA (at 125°C) flowing 
through a source resistance of 1kn will cause a voltage 
drop of 1mV or O.2lSB. This error will be much reduced 
at lower temperatures because leakage drops rapidly 
(see typical curve of Input Channel leakage Current vs 
Temperature). 


4. Sample and Hold 


Single Ended Inputs 


The lTC1095 provides a built·in sample and hold (S&H) 
function for signals acquired in the single ended mode. 
This sample and hold allows conversion of rapidly varying 
signals (see typical curve of S&H Acquisition Time vs 
Source Resistance). The input voltage is sampled during 
the tSMPLtime as shown in Figure 8. The sampling interval 


begins as the bit preceding the MSBF bit is shifted in and 
continues until the falling ClK edge after the MSBF bit is 
received. On this falling edge, the S&H goes into hold 
mode and the conversion begins. 


Differential Inputs 


With differential inputs, the AID no longer converts just a 
single voltage but rather the difference between two volt- 
ages.ln this case, the voltage on the selected" + " input is 
still sampled and held and therefore may be rapidly time 
varying just as in single ended mode. However, the voltage 
on the selected" -" 
input must remain constant and be 
free of noise and ripple throughout the conversion time. 
Otherwise, the differencing 
operation may not be per· 
formed accurately. The conversion time is 10 elK cycles. 
Therefore, a change in the" -" 
input voltage during this 
interval can cause conversion errors. For a sinusoidal volt· 
age on the" - " input this error would be: 


VERROR(MAX) 
= VPEAKx 2 x 7rX f(" - ") X 10lfcLK 


Where f(" - ") is the frequency of the" -" 
input voltage, 
VPEAKis its peak amplitude and fCLKis the frequency of 
the ClK. In most cases VERRORwill not be significant. For 
a 60Hz signal on the" -" 
input to generate a 114lSB error 
(1.25mV)with the converter running at ClK = 500kHz, its 
peak value would haveto be 150mV. 


5. Internal Reference 


The lTC1095 contains an internal precision 5V buried 
zener reference which is capable of supplying the full 
scale reference for the converter when connected as 
shown in Figure 15.With its 10mAoutput current the refer- 
ence can also power the AID and other external circuitry to 
provide a TIl inputfTTl output system running off a single 
7.2V-40V supply (see Figure 16). 


6. Reference Input 


The voltage on the reference input of the lTC1095 defines 
the voltage span of the AID converter. The reference input 
looks primarily like a 10kn resistor to ground but will have 
transient 
capacitive 
switching 
currents 
due 
to 
the 
switched capacitor conversion technique (see Figure 12). 


During each bit test of the conversion (every ClK cycle), a 
capacitive current spike will be generated on the reference 
pin by the AID. These current spikes settle quickly and do 
not cause a problem. However, if slow settling circuitry is 
used to drive the reference input, care must be taken to en- 
sure that transients caused by these current spikes settle 
completely during each bit test of the conversion. 
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When driving the reference input, three things should be 
kept in mind: 


1. The source resistance (ROUT)driving the reference input 
should be low (less than Hl) to prevent DC drops 
caused by the 1mA maximum reference current (IREFIN). 


2. Transients on the reference input caused by the capaci· 
tive switching currents must settle completely during 
each bit test (each CLK cycle). Figures 13 and 14 show 
examples of both adequate and poor settling. Using a 
slower CLK will allow more time for the reference to 
settle. However, even at the maximum eLK rate of 
500kHz most references and op amps can be made to 
settle within the 2Jlsbit time. 


3. It is recommended that REFIN be tied to REFauT as 
shown in Figure 15. 
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7. Reduced Reference Operation 


The LTC1095 can operate with reference voltages below 
1V, by dividing down the 5V reference output voltage as 
shown in Figure 17. 


The effective resolution of the LTC1095will be increased by 
reducing the input span of the converter. The LTC1095ex· 
hibits good linearity and galRover a wide range of reference 
voltages (seetypical curves of Linearity and Full Scale Error 
vs Reference Voltage). However, care must be taken when 
operating at low values of VREFINbecause of the reduced 
LSB step size and the resulting higher accuracy require· 
ment placed on the converter. The following factors must be 
considered when operating at low VREFINvalues. 


1. Offset 
2. Noise 
3. Conversion speed (CLK frequency) 


Offset with Reduced Reference Voltages 


The offset of the LTC1095has a larger effect on the output 
code when the AID is operated with reduced reference 
voltage. The offSet (which is typically a fixed voltage) be· 
comes a larger fraction of an LSB as the size of the LSB is 
reduced. The typical curve of Unadjusted Offset Error vs 
Reference Voltage shows how offset in LSBs is related to 
reference voltage for a typical value of Vas. For example, a 


VR'FIN 
I 
Rl 
I 
R2 
2.5V 
10k{J 
10k{J 


1.000 
10.2k{J 
2.55k{J 


v 
-~ 
R'F1N - 
Rl +R2 


0.2VSVR'FIN<5V 


REF OUT 


V+ 


APPLICATions InFoRmATion 


Vas of 0.5mV which is 0.1LSB with a 5V reference be- 
comes 0.5LSB with a 1Vreference and 2.5LSBs with a 0.2V 
reference. If this offset is unacceptable, it can be cor· 
rected digitally by the receiving system or by offsetting 
the" -" 
input to the LTC1095. 


Noise with Reduced Reference Voltages 


The total input referred noise of the LTC1095can be reo 
duced to approximately 
200/LV peak-to-peak using a 
ground plane, good bypassing, good layout techniques 
and minimizing noise on the reference input. This noise is 
insignificant 
with a 5V reference but will become a 
larger fraction of an LSB as the size of the LSB is reduced. 
The typical curve of Noise Error vs Reference Voltage 
shows the LSBcontribution of this 200/LVof noise. 


For operation with a 5V reference, the 200/LVnoise is only 
0.04LSB peak·to-peak. In this case, the LTC1095noise will 
contribute virtually no uncertainty to the output code. 
However, for reduced references, the noise may cause 
undesirable jitter in the output code. For example, with a 


1V reference, this same 200/LVnoise is 0.2LSB peak·to· 
peak. This will reduce the range of input voltages, over 
which a stable output code can be achieved, by 0.2LSB. If 
the reference is further reduced to 200mV, the 200/LVnoise 
becomes equal to one LSB and a stable code may be diffi· 
cult to achieve. In this case, averaging readings may be 
necessary. 


This noise data was taken in a very clean setup. Any setup 
induced noise (noise or ripple on: Vcc, REFIN,VINor V-) 
will add to the internal noise. The lower the reference volt· 
age to be used, the more critical it becomes to have a 
clean, noise-free setup. 


Conversion Speed with Reduced Reference Voltages 


With reduced reference voltages, the LSB step size is reo 
duced and the LTC1095internal comparator overdrive is 
reduced. Therefore, it may be necessary to reduce the 
maximum CLK frequency when low reference voltages are 
used. 
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68HC05 Code Communicates 
with LTC1095 through 
Opto·lsolators 


LABEL 
MNEMONIC 
OPERAND 
COMMENTS 


ORG 
$100 
CLRX 
Clear X register 
LDA 
#$1F 
CHO 
STA 
$50 
CHOaddress 
LDA 
#$9F 
CH1 
STA 
$51 
CH1 address 
LDA 
#$3F 
CH2 
STA 
$52 
CH2 address 
LDA 
#$BF 
CH3 
STA 
$53 
CH3address 
LDA 
#$5F 
CH4 
STA 
$54 
CH4address 
LDA 
#$DF 
CH5 
STA 
$55 
CH5 address 
LDA 
#$53 
Data for SPCR 
STA 
$OA 
Load data into SPCR 
LDA 
#$FF 
Data forDDR 
STA 
$06 
Configure PORT C DDR 
START 
BCLR 
1,$02 
C1 (PWR OFF) goes low 
LDA 
#$FF 
Load counter 
T1 
DECA 
Decrement Acc. 
BNE 
n 
LDA 
#$FF 
Load counter 
T2 
DECA 
Decrement Acc. 


BNE 
T2 
LDA 
#$FF 
Load counter 
T3 
DECA 
Decrement Acc. 
BNE 
T3 


LDA 
#$FF 
Load counter 


LABEL 
MNEMONIC 
OPERAND 
COMMENTS 


T4 
DECA 
Decrement Acc. 
BNE 
T4 
START1 
BCLR 
0,$02 
CO(CS) goes low 
LDA 
#$03 
DINprefix start and SGL 
STA 
$OC 
Start transfer 
TEST2 
TST 
$OB 
Test if done 
BPL 
TEST2 
If not try again 
LDA 
$50,X 
Put DINword in Acc. 


STA 
$OC 
Start transfer 
TEST 
TST 
$OB 
Test if done 
BPL 
TEST 
If not try again 
LDA 
#OC 
Load MSBs in Acc. 


STA 
$60,X 
Store MSBs in $60 + X 
SKIP 
LDA 
#$FF 
Insure 1's output last 
STA 
$OC 
Start next transfer 
TEST1 
TST 
$OB 
Test if done 
BPL 
TESn 
If nOl!ry again 
BSET 
0,$02 
CO(CS) goes high 
LDA 
$OC 
Put LSBs in Acc. 
STA 
$70,X 
Put LSBs in $70 + x 
SKIP1 
INCX 
Increment X register 
CPX 
#$06 
Check if done 
BNE 
STARn 
BSET 
1,$02 
Set C1 (PWR OFF) 
CLRX 
Reset counter 
JMP 
Start next loop 
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0?50.0010 
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• Built-In Sample-and-Hold 
• No Missing Codes 
• No User Trims Required 
• All Timing Inputs Edge Sensitive for Easy Processor 
Interface 
• Fast Conversion Time: 2.5flS 
• Latched Three-State Outputs 
• Single 5V Operation 
• No External Clock 
• Overflow Output Allows Cascading 
• Tc Input Allows User Adjustable Conversion Time 
• 0.3" Wide 20-Pin DIP 


• Resolution 
• Conversion Time 
a Bits 
2.5flS(RD Mode) 
2.5flS(WR-RDMode) 
2.5Vtfls 
75mW Max 


• Slew Rate Limit (Internal StH) 
• Low Power 
• Total Unadjusted Error 
LTC1099 
LTC1099A 
± 1 LSB 
± 1t2 LSB 


LTC1099 


High Speed 8-Bit AID Converter 
with Built-In Sample-and-Hold 


The LTC1099 is a high speed microprocessor compatible 
a-bit analog·to·digital converter (AID). An internal sample- 
and-hold (StH)allows the AID to convert inputs up to the full 
Nyquist limit. With a conversion rate of 2.5flSthis allows 
156kHz5Vp-p input signals, or slew rates as high as 2.5Vtfls, 
to bedigitized without the need for an external StH. 


Two modes of operation, READ (RD) mode and WRITE· 
READ (WR-RD) mode, allow easy interface with proces- 
sors. All timing 
is internal and edge sensitive 
which 
eliminates the need for external pulse shaping circuits. 
The Stand-Alone (SA) mode is convenient for those ap- 
plications not involving a processor. 


Data outputs are latched with three-state control to allow 
easy interface to a processor data bus or I/O port. An over- 
flow output (OFL) is provided to allow cascading for higher 
resolution. 
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~ -44 


VOUT 
5 
~ -46 
~ 
~ -48 
'" 
05 -50 


Signal to Noise Ratio (SNR)ys 
Input Frequency 


-36 
- JA~1W 
Tc=2.5,.s 


ABSOLUTE mAXimum 
RATinGS 


(Notes 1 and 2) 


Supply Voltage (Vccl to GND 
12V 
Voltage 
Analog and Reference Inputs 
- 0.3V to Vcc + 0.3V 
Digital Inputs 
-0.3Vto 
12V 
Digital Outputs 
- 0.3V to Vcc + 0.3V 
Power Dissipation 
500mW 
Operating Temperature Range 
LTC1099C/1 099AC 
O°Cto lO°C 
LTC10991/1099AI 
- 40°C to 85°C 
LTC1099M/1099AM 
- 55°C to 125°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


ORDER PART 
NUMBER 


LTC1099CN 
LTC1099ACN 
LTC10991N 
LTC1099AIN 
LTC10991J 
LTC1099AIJ 
LTC1099CJ 
LTC1099ACJ 
LTC1099MJ 
LTC1099AMJ 


PARAMETER 


Accuracy 


LTC1099AII10991 
LTC1099AM/1099M 
MIN 
TYP 
MAX 


LTC1099ACI1099C 
MIN 
TYP 
MAX 


Total Unadjusted Error 
Note4 
LTC1099A 
• 
± 1/2 
±1/2 
LSB 
LTC1099 
• 
+1 
+1 
LSB 


Minimum Resolution (No Missing Codes) 
• 
8 
8 
Bits 


Input Resistance 
• 
1 
3.2 
6 
2 
3.2 
4.5 
kO 


REF + Input Voltage Range 
Note5 
• 
REF- 
Vcc 
REF- 
Vcc 
V 


REF - Input Voltage Range 
Note5 
• 
GND 
REF+ 
GND 
REF+ 
V 


Input Voltage Range 
• 
GND 
Vcc 
GND 
Vcc 
V 


Input Leakage Current 
CS= Vcc, V1N = Vcc, GND • 
+3 
+3 
~A 


Input Capacitance 
60 
60 
pF 


Acquisition 
Time 
240 
240 
ns 


Aperature Time 
110 
110 
ns 


Tracking Rate 
2.5 
2.5 
V/~s 


lTC1099AII10991 
lTC1099AMI1099M 
lTC1099AC/1099C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


V1H 
High level Input Voltage 
All Digital Inputs, Vcc=5.25V 
• 
2.0 
2.0 
V 


V1L 
low level Input Voltage 
All Digital Inputs, VCC= 4.75V 
• 
0.8 
00001 
08 
V 


IIH 
High level Input Current 
V1H= 5V;f§., RD, Mode 
• 
0.0001 
1 
1 
~A 
V1H=5V;WR 
• 
0.0005 
3 
0.0005 
3 
~A 


IlL 
low level Input Current 
V1L= OV;All Digital Inputs 
• 
-0.0001 
-1 
-0.0001 
-1 
~A 


VOH 
High level Output Voltage 
DBO-DB7, OFl, INT; Vcc= 4.75V 
lOUT= 360~A 
• 


2.4 
4.0 
2.4 
4.0 
V 


lOUT= 10~A 
4.7 
4.7 
V 


VOL 
low level Output Voltage 
DBO-DB7, OFl, INT, ROY;Vcc= 4.75V 
lOUT= 1.6mA 
• 
0.4 
0.4 
V 


102 
High-Z Output leakage 
DBO-DB7, ROY;VOUT=5V 
• 
0.1 
3 
0.1 
3 
~A 


DBO-DB7, ROY;VOUT=OV 
• 
-0.1 
-3 
-0.1 
-3 
~A 


ISOURCE 
Output Source Current 
DBO-DB7, OFl, INT; VOUT=OV 
• 
-11 
-6 
-11 
-7 
mA 


IS1NK 
Output Sink Current 
DBO-DB7, OFl, INT, ROY;VOUT=5V 
• 
14 
7 
14 
9 
mA 


Ice 
Supply Current 
CS=WR=RD=Vce 
• 
11 
20 
11 
15 
mA 


SYMBOL 
PARAMETER 


RD Mode (Figure 2) Pin 7 = GND 


lTC1099AII10991 
lTC1099AMI1099M 
lTC1099ACI1099C 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tCRD 
Conversion Time 
TA= 25°C 
2.3 
2.5 
2.8 
2.3 
2.5 
2.8 
~s 
• 
5.0 
3.75 
~s 


tROY 
Delay From CSI to RDYI 
CL=100pF 
70 
70 
ns 


tACCA) 
Delay From RDI to Output Data Valid 
CL=100pF 
tCRD+ 35 
tCRD+35 
ns 


tlNTH 
Delay From RDI to INTI 
CL=100pF 
70 
70 
ns 


tlH, tOH 
Delay From RDI to High-ZState on Outputs 
Test Circuit Figure 1 
70 
70 
ns 


tp 
Delay Time Between Conversions 
700 
700 
ns 


tACC2 
Delay Time From RDI to Output Data Valid 
70 
70 
ns 


tCWR 
Conversion Time 
TA= 25°C 
2.3 
2.5 
2.8 
2.3 
2.5 
2.8 
~s 
• 
5.0 
3.75 
~s 


tAcco 
DelayTime From WRI to Output Data Valid 
CL= 100pF 
tcwR+40 
tCWR+40 
ns 


tACC2 
Delay From RDI to Output Data Valid 
CL= 100pF 
70 
70 
ns 


tlNTH 
Delay From RDI to INTI 
CL= 100pF 
70 
70 
ns 


tlHWR 
Delay From WRI to INTI 
CL= 100pF 
240 
240 
ns 


t1H,tOH 
Delay From RDI to High-ZState on Outputs 
Test Circuit Figure 1 
70 
70 
ns 
tp 
Delay Time Between Conversions 
700 
700 
ns 


tWR 
Minimum WR Pulse Width 
55 
55 
ns 


Note 1: Absolute maximum ratings are those values beyond which the life 
of the device may be impaired. 


Note 2: All voltages are with respect to GND (Pin 10)unless otherwise 
noted. 


Note 3: Vcc = 5V, REF + = 5V, REF - = OVand TA= TMINto TMAXunless 
otherwise noted. All typical values at TA= 25°C. The. 
indicates specifica· 


tions which apply over the full operating temperature range. 


Note 4: Total unadjusted error includes offset, gain, linearity and hold step 
errors. 


Note 5: Reference input voltage range is guaranteed but is not tested. 
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Pin FunCTIONS 


PIN# 
NAME 
DESCRIPTION 
PIN# 
NAME 
DESCRIPTION 


1 
VIN 
Analog input. 
9 
INT 
Output that goes low when the 


2-5 
DBO-DB3 
Dataoutputs; DBO= LSB. 
conversion in process is com· 


6 
WR/RDY 
WR/RDYis an input when Mode= 
plete and goes high after data is 


Vcc. Falling edge of WR switches 
read. 


internal S/H to hold then starts 
10 
GND 
Ground connection. 


conversion. WR/RDY is an open 
11 
REF- 
Low reference potential (analog• 


drain output (active pull down) 
ground). 
when Mode= GND. RDYgoes low 
12 
REF+ 
High reference potential; VREF= 
at start of conversion and pull 
Full Scale = (REF+ )- (REF- ). 
down is turned off when conver· 
13 
CS 
Chip select - 
When high, data 
sion is complete. Resistive pull 
outputs are high impedance and 
up is usually used in this mode. 
all inputs are ignored. 


7 
MODE 
WR·RD when 
Mode= Vcc. 
RD 
14-17 
DB4-DB7 
Data outputs; DB7= MSB. 
when Mode= GND. No internal 
pull down. 
18 
OFL 
Overflow output 
- 
Goes low 


8 
RD 
A low on RD with CS low actio 
when VIN>VREF· 


vates three·state outputs. With 
19 
Tc 
Useradjustable conversion time. 


Mode= GND and CS low, the 
20 
Vcc 
Positive 
supply; 
4.75V$.Vcc $. 


falling edge of RD switches in· 
5.25V. 


ternal S/H to hold and starts 
conversion. 
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Linearity Error vs Reference 
Voltage 
Supply Current vs Temperature 
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Figure 5 shows the functional 
block diagram for the 
LTC1099two step flash ADC. It consists of two 4·bit flash 
converters, a 4·bit DACand a differencing circuit. The con· 
version process proceeds as follows: 


1) At the start of the conversion the on·board sample- 
and·hold switches from the sample to the hold mode. 
This is a true sample-and·hold with an acquisition 
time of 240ns, an aperture time of 11Onsand a track· 
ing rate of 2.5V/p,s. 


2) The held input voltage is converted by the 4·bit 
MS-Flash ADC. This generates the upper or most sig· 
nificant 4·bits of the a·bit output. 


3) A 4·bit approximation, from the DACoutput, 
is sub· 
tracted from the held input voltage. 


4) The LS·Flash ADC converts the difference between 
the held input voltage and the DAC approximation. 
This generates the lower or least significant 4-bits of 
the a·bit output. The LS·Flash reference is one six· 
teenth of the MS-Flash reference. This effectively 
multiplies the differern:e by 16. 


5) Upon the completion of the LS 4·bit flash the eight 
output latches are updated simultaneously. At the 
same time the sample-and·hold is switched from the 
the hold mode to the acquire mode in preparation for 
the next conversion. 


The advantage of this approach is the reduction in the 
amount of hardware required. A full flash converter reo 
quires 255 comparators while this approach requires only 
31. The price paid for this reduction in hardware is an in· 
crease in conversion time. A full flash converter requires 
only one comparison cycle while this approach requires 
two comparison cycles, hence two step flash. 


This architecture is further simplified in the LTC1099 by 
reusing the MS·Flash hardware to do the LS·Flash. This reo 
duces the number of comparators from 31 to 16. This is 
possible because the MS and LS conversions are done at 
different times. 


Totake the simple block diagram of Figure 5 and reconfig· 
ure it to reuse the MS·Flash to do the LS·Flash is con· 
ceptually simple, but from a hardware point of view is not 
practical. A new six input switched capacitor comparator 
is used to accomplish this function in a simple, although 
not straightforward, manner. 


~ 
• 


Figure 6 shows the six input switched capacitor compara· 
tor. Intuitively the comparator is easy to understand by 
noting that the common connection between the two input 
capacitors, C1 and C2, acts like a virtual ground. In opera· 
tional amplifier circuits, current is summed at the virtual 
ground node. Input voltage is converted to current by the 
input resistors. In the switched capacitor comparator, in· 
put voltage is converted to charge by the input capacitors 
and these charges are summed at the virtual ground node. 


A major advantage of this technique is that the switch-on 
impedance has no affect on accuracy as long as sufficient 
time exists to fully charge and discharge the capacitors. 


During the first time period the T + and Tz switches are 
closed. This forces the common node between C1 and C2 
to an arbitrary bias voltage. Since the capacitors subtract 
out this voltage it may be considered, for the sake of this 
discussion, to be exactly zero (i.e. virtual ground). Note 
also that variations in the bias voltage with time and tem- 
perature will also be rejected. In this state C1 charges to 
VIN.When Tzopens VINis held on C1. 
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The next step is the first comparison - 
the MS-Flash. Tz 
and T+ are opened and T-1 is closed. The equation for 
each comparator is: 


VIN+ 1/2LSB- MSTAP= OV 


There are 16 identical comparators each tied to the tap on 
a 16resistor ladder. The MS tap voltages vary from VREFto 
OVin 16equal steps of VREF/16. 


Notice that capacitor C2 adds 1/2LSBto VIN.This offsets 
the converter transfer function 
by 1/2LSB, equally dis· 
tributing the 1LSBquantization error to ± 1I2LSB. 
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The outputs of the 16comparators are temporarily latched 
and drive the 4·bit DAC directly without need of decoding. 
This holds the DAC output constant for the next step - 
the LSconversion. The LS conversion is started when T-1 
is opened and T-2 is closed. Capacitor C1 subfracts the 
4·bit DAC approximation from VIN and inputs the differ· 
ence charge to the virtual ground node. The equation for 
each comparator is: 


VIN+ 1/2LSB...;.VOAC- LSTAP= OV 


The 
4·bit 
DAC 
approximation 
is 
input 
to 
all 
16 
comparators. The LS tap voltages are converted to charge 
by capacitor C2. LS taps vary from VREF/16Vto OVin 16 
equal steps of VREF/256.The comparators look at the net 
charge on the virtual ground node to perform the LS·Flash 
conversion. When this conversion is complete the 4 LSB's 
along with the 4 MSB's are transferred to the output 
latches. 
In this 
way all eight 
outputs 
will 
change 
simultaneously. 


The digital interface to the LTC1099entails either control- 
ling the conversion timing or reading data. There are two 
basic modes for controlling and reading the AID - 
the 
WRITE·READ(WR·RD)mode and the READ(RD)mode. 


WR·RD Mode (Pin 7= High) 


In the WR·RD mode a conversion sequence starts on the 
falling edge of WR with CS low (Figures 3A and 3B).This is 
an edge sensitive control function. The width of the WR in- 
put is not important. All timing functions are internal to 
the AID. 


The first thing to happen after the falling edge of WR is the 
internal S/H is switched to hold. This typically takes 110ns 
after WR falls and is the aperture time of the S/H. 


Next the AID conversion takes place. The conversion time 
is internally set at 2.5Ils, but is user adjustable (seeAdjust· 
ing the Conversion Time). The end of conversion 
is 
signaled by the high to low transition of INT. The S/H is 
switched back to the acquire state as soon as the conver· 
sion is complete. 


After the conversion is complete the a·bit result is avail· 
able on the three·state outputs. The outputs are active 
with RD and CS low. Output data is latched and, if no new 
conversion is initiated, is available indefinitely as long as 
the power is not turned off. 


The WR·RD mode is also used for stand·alone operation. 
By tying CS and RD low the data outputs will be continuo 
ously active (Figure 4). The falling edge of WR starts the 
conversion sequence and when done new data will appear 
on the outputs. All outputs will be updated simultane· 
ously. In stand·alone operation the outputs will never be in 
a high impedance state. 


RD Mode (Pin 7= Low) 


In the RD mode a conversion sequence is initiated by the 
falling edge of RD when CS is low (Figure 2). The S/H is 
switched to the hold state 110ns after the falling edge of 
RD. It is switched back to the acquire state at the end of 
conversion. 


When RDgoes low, with CS low, the result of the previous 
conversion is output. This data stays there until the ongo· 
ing conversion is complete (INT goes low). At this time the 
outputs are updated with new data. 


As long as CS and RDstay low long enough, the receiving 
device will get the right data. Remember the receiving de· 
vice reads data in on the rising edge of RD. The RDYout· 
put facilitates making RDlong enough. 


In the RDmode the WR input becomes the RDYoutput. On 
the falling edge of RDthe RDYgoes low. It is an open drain 
output to allow a wired OR function so it requires a pull·up 
resistor. At the end of conversion the active pull·down is 
released and RDYgoes high. 
• 


The RDY output is designed to interface to the Ready In 
(RDYIN) function on many popular processors. RDYIN al- 
lows these processors to work with slow memory by 
stretching the RD strobe coming from the processor. RD 
will remain low as long as RDY is low. In the case of the 
LTC1099, RDY stays low until the conversion is complete 
and new data is available on the outputs. This greatly sim- 
plifies the programmers task. Each time data is required 
from the AID a simple read is executed. The hardware in- 
terface makes sure the RDstrobe is long enough. 


Adjusting the Conversion Time 


The conversion time of the LTC1099 is internally set at 
2.5p.s.If desired it can be adjusted by forcing a voltage on 


~ 


~10k 


Pin 19. With Pin 19 left open the conversion time runs 
2.5p.s.A convenient way to force the voltage is with the cir- 
cuit shown in Figure 7. To preset the conversion time to a 
fixed amount a resistor may be tied from Pin 19 to Vcc or 
GND. Tying it to Vcc slows down the conversion and tying 
it to GND will speed it up (seeTypical Curves). 


The inclusion of a high quality sample-and-hold (S/H)sim- 
plifies the analog interface to the LTC1099.All of the error 
terms normally associated with an S/H (hold step, offset, 
gain, and droop errors) are included in the error specifica- 
tions for the AID. This makes it easy for the designer since 
all the error terms 
need not be taken into account 
individually. 


S/HTiming 


A falling edge on the RD or WR input switches the S/H 
from acquire to hold and starts the conversion. The aper- 
ture time is the delay from the falling edge to the actual in- 
stant when the S/H switches to hold. It is typically 110ns. 


As soon as a conversion is complete (2.5p.styp.) the S/H 
switches back to the sample mode. Even though the ac- 
quisition time is only 240ns a new conversion cannot be 
started for 700ns (typ.) after a conversion is completed. 


Analog Input 


The input to the AID looks like a 60pF capacitor in series 
with 5500 (Figure 8). 


VIN--o~TOA/O 
5500 ...L, 


60pF 
T 


Figure 8. Equivalent Input Circuit 


With this high input capacitance care must be taken when 
driving the inputs from a source amplifier. When the input 
switch closes an instantaneous capacitive load is applied 
to the amplifier output. This acts like an impulse into the 
amplifier and if it has poor phase margin the resulting ring- 
ing can cause a considerable loss of accuracy. If the am- 
plifier is too slow the resulting settling tail will also cause 
a loss of accuracy. The amplifier should also have low 
open circuit output impedance. The LT1006is an excellent 
amplifier in this regard. It also works with a single supply 
which fits nicely with the LTC1099. 


Reference Inputs 


Sixteen equal valued resistors are internally connected be- 
tween REF+ and REF-. Each resistor is nominally 2000 
giving a total resistance of 3.2kO between the reference 
terminals. When VIN equals REF+ the output code will be 
all ones. When VIN equals REF - the output code will be 
all zeros. 


Although it is most common to connect REF+ to a 5V 
reference and REF- to ground, any voltages can be used. 
The only restrictions are REF+ >REF- 
and REF+ and 
REF- 
must be within the supply rails. As the reference 
voltage is reduced the AiD will eventually lose accuracy. 
Accuracy is quite good for references down to 1V. 


Eventhough the reference drives a resistive ladder a lot of 
capacitive switching is taking place internally. For this 
reason driving the reference has the same characteristics 
as driving VIN.A fast low impedance source is necessary. 
The reference has the additional problem of presenting a 
DC load to the driving source. This requires the DCas well 
as the AC source impedance to be low. 


Good Grounding 


As with any precise analog system care must be taken to 
follow good grounding practices when using the LTC1099. 
The most noise free environment is obtained by using a 
ground plane with GND (Pin 10)and REF- (Pin 11)tied to 
it. Bypass capacitors from REF+ (Pin 12)and Vcc (Pin 20) 
with short leads are also required to prevent spurious 
switching noise from affecting the conversion accuracy. 
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If a ground plane is not practical, single point grounding 
techniques should be used. Ground for the AID should not 
be mixed in with other noisy grounds. 


APPLICATIONS 


Analog Multiplier 


The schematic Figure 9 shows the LTC1099 configured 
with a DAC to form a 2 quadrant analog multiplier. An in· 
put waveform is applied to the LTC1099 where it is 
digitized at a 300kHz rate. The digitized signal is fed to the 
DAC in "flow through" mode where another signal is input 
to the DAC reference input. In this way the two analog 
signals are multiplied to produce a Double Sideband Am· 
plitude Modulated Output. Figure 10 shows a 3kHz sine 
wave multiplied by a 100Hztriangle. 


Note that since this is only a 2 quadrant multiplier a carrier 
component (the input to the LTC1099)will appear in the 
output spectrum. Figure 11shows the frequency spectrum 
of a 42.5kHzsine wave multiplied by a 5kHz sine wave. The 
depth of modulation is about 30dB. Figure 12 shows a 
42.375kHzsine wave multiplied by a 30.875kHz sine wave. 
Note that at these higher frequencies, 
the depth of 
modulation is still about 30dB. The carrier feed through is 
seen in Figure 12. 
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Figure 11. Two Quadrant 
Multiplier 
Output Spectrum with OVto 
4.5V at 42.5kHz into LTC1099 and ± 2V at 5kHz into DAC 
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Figure 12. Two Quadrant Multiplier 
Output Spectrum with OVto 
4.5V at 42.375kHz into LTC1099 and ± 2V at 30.875kHz into DAC 
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Repeat Next Instruction 
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TMS320C25 Assembly Code for WR·RD·Mode Interlace to 
LTC1099 


0001 0032 
AORG 
>32 


0002 0032 
CE01 
DINT 
Disable Interrupts 


0003 0033 
C800 
LDPK 
>0 
Data Page Pointer is ¢ 


0004 0034 
E064 
LOOP 
OUT 
>64.PAO 
Start LTC1099 Conversion 


0005 0035 CB20 
RPTK 
>12 
Wait for Conversion to Finish 


0006 0036 
5500 
NOP 


0007 0037 
8064 
IN 
>64.PAO 
Read LTC1099 Data; Store 
in >64 


0008 0038 
FF80 
B 
LOOP 
Do Again 
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• Guaranteed 
6JLSMax. Acquisition 
Time 
• Guaranteed 
0.005% 
Max. Gain Error 
• Guaranteed 
1mV Max. Offset Voltage 
• Guaranteed 
1mV Max. Hold Step 
• Very Low Feedthrough 
86dB Min. 
• High Input Impedance under All Conditions 
• 
Logic Inputs Compatible with All Logic Families 


• 
12-Bit Data Acquisition 
Systems 
• Ramp Generators 
• Analog Switches 
• Staircase Generators 
• Sample and Difference Circuits 


LF198A/ LF398A 
LF198/LF398 


Precision Sample and Hold 
Amplifier 


The LF198 is a precision sample and hold amplifier which 
uses a combination 
of bipolar and junction 
FET transis- 
tors to provide 
precision, 
high speed, 
and long hold 
times. A typical offset voltage of 1mV and gain error of 
0.002% allow this sample and hold amplifier to be used in 
12-bit systems. 
Dynamic performance can be optimized 
by proper selection of the external hold capacitor. Acqui- 
sition times can be as low as 4JLSfor small capacitors 
while 
hold step and droop errors 
can be held below 
0.1mV 
and 30p,V/sec 
respectively 
when 
using 
larger 
capacitors. 


The LF198 is fixed at unity gain with 
101°0 input im- 
pedance independent of sample/ hold mode. The logic in- 
puts are high impedance differential 
to allow easy inter- 
facing to any logic family without ground loop problems. 
A separate offset adjust pin can be used to zero the offset 
voltage in either the sample or hold mode. Additionally, 
the hold capacitor can be driven with an external signal to 
provide precision level shifting or •'differencing" 
opera- 
tion. The device will operate over a wide supply voltage 
range from ± 5V to ± 18V with very little change in per- 
formance, and key parameters are specified over this full 
supply range. 


The LF198A version offers tightened electrical specifica- 
tions for key parameters. 
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Input Voltage 
Equal to Supply Voltage 
Logic to Logic Reference Differential 
Voltage(Note2) 
+30V, 
-30V 
Output Short Circuit Duration 
Indefinite 
Hold Capacitor Short Circuit Duration 
. . . . . . . .. 
10 see 
Lead Temperature (Soldering, 
10seconds) 
..... 
300°C 
Supply Voltage. 
. . . . . . . . . . . . . . . . . . . . . . .. 
± 18V 
Power Dissipation 
(Package Limitation) 
(Note 1) 
500mW 
Operating Temperature 
Range 
LF198/LF198A 
-55°Cto125°C 
LF398/LF398A 
O°Cto70°C 
StorageTemperatureRange 
-65°Cto150°C 
TOP VIEW 
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JI PACKAGEHERMETICDIP 
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ORDER 
PART NUMBER 


LF198AH 
LF198H 
LF398AH 
LF398H 


LF398J8 
LF398AN8 
LF398N8 


PARAMETER 
CONDITIONS 
LF198A 
LF398A 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage (Note 6) 
0.5 
1 
1 
2 
mV 
• 
2 
3 
mV 


Input Bias Current (Note 6) 
5 
25 
10 
25 
nA 
• 
75 
50 
nA 


Input Impedance 
1010 
1010 
0 


Gain Error 
RL -10k 
0.001 
0.005 
0.001 
0.005 
% 
• 
0.01 
0.01 
% 


Feedthrough Attenuation Ratio 
Ch -0.01,.F 
86 
96 
86 
96 
dB 
at 1kHz 


Output Impedance 
"HOLD" 
Mode 
0.5 
1 
0.5 
1 
0 
• 
4 
6 
0 


"HOLD" 
Step (Note 4) 
Ch=0.01,.F. 
VOUT=O 
0.25 
1 
0.25 
1 
mV 


Supply Current (Note 6) 
Tj<!:25°C 
4.5 
5.5 
4.5 
6.5 
mA 


Logic and Logic Reference Input 
2 
10 
2 
10 
p.A 


Current 


Leakage Current into Hold 
"HOLD" 
Mode (Note 5) 
10 
100 
10 
100 
pA 
Capacitor (Note 6) 


Acquisition Time to 0.1 % 
L\VouT-10V, 
Ch-1000pF 
4 
6 
4 
6 
pS 
Ch =0.01,.F 
16 
25 
16 
25 
pS 


Hold Capacitor Charging Current 
V1N 
VouT-2V 
5 
5 
mA 


Supply Voltage Rejection Ratio 
VOUT-O 
90 
110 
90 
110 
dB 
Differential Logic Threshold 
0.8 
1.4 
2.4 
0.8 
1.4 
2.4 
V 


LF198A/ LF398A 
LF198/ LF398 


PARAMETER 
CONDITIONS 
LF198 
LF398 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage (Note 6) 
1 
3 
2 
7 
mV 
• 
5 
10 
mV 


Input Bias Current (Note 6) 
5 
25 
10 
50 
nA 
• 
75 
100 
nA 


Input Impedance 
1010 
10'0 
0 


Gain Error 
RL =10k 
0.002 
0.005 
0.004 
0.01 
% 
• 
0.02 
0.02 
% 


Feedthrough Attenuation Ratio 
Ch=0.01I"F 
86 
96 
80 
96 
dB 
at 1kHz 


Output Impedance 
"HOLD" 
Mode 
0.5 
2 
0.5 
4 
0 
• 
4 
6 
0 


"HOLD" 
Step (Note 4) 
Ch=0.01I"F, 
VOUT=O 
0.5 
2.0 
0.5 
2,5 
mV 


Supply Current (Note 6) 
Tj ~ 25°C 
4,5 
5.5 
4.5 
6,5 
mA 


Logic and Logic Reference In9ut 
, 
2 
10 
2 
10 
~ 
Current 


Leakage Current into Hold 
"HOLD" 
Mode (Note 5) 
30 
100 
30 
200 
pA 
Capacitor (Note 6) 


Acquisition Time to 0.1% 
~VOUT= 10V, Ch = 1000pF 
4 
4 
J!S 
Ch=0.01j<F 
16 
16 
J!S 


Hold Capacitor Charging Current 
V1N- VOUT= 2V 
5 
5 
mA 


Supply Voltage Rejection Ratio 
VOUT=O 
80 
110 
80 
110 
dB 


Differential logic Threshold 
0.8 
1.4 
2.4 
0.8 
1.4 
2.4 
V 


The. 
denotes the specifications 
which apply over the full operating 
temperature range. 


Note 1: Tj max for the 
lF198/lF198A 
is 150°C; 
Tj max for the 
LF398/lF398A 
is 100°C. 


Note 2: The logic inputs are protected to ± 30V differential as long as the 
voltage on both pins does not exceed the supply voltage. For proper opera- 
tion, however, both logic and logic reference pins must be at least 2V below 
the positive supply and one of these pins must be at least 3V above the 
negative supply, 


Note 3: Unless otherwise noted, Vs = ± 15V, Tj =25°C, 
-11.5V 
sVIN:S 
+ 11,5V, Ch =0.01I"F, RL = 10kOand unitis in "sample" 
mode. logic ref- 
erence=OVand 
logic voltage=2.5V. 


Note 4: The hold step is sensitive to stray capacitance coupling between in- 
put logic signals and the hold capacitor. 1pF, for instance, will create an ad- 
ditional 0.5mV step with a 5V logic swing and a 0.011"F hold capacitor, 
Magnitude of the hold step is inversely proportional to hold capacitor value. 


Note 5: leakage current is measured at a junction temperature of 25°C, 
The effects of junction temperature rise due to power dissipation or elevated 
ambient can be calculated by doubling the 25°C value for each 11°C in- 
crease in chip temperature. leakage is guaranteed over full input signal 


range. 
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Note 6: These parameters are guaranteed over a supply voltage range of 
±5Vto 
±18V. 
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Hold Step vs Input Voltage 
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• Amplitude of hold step scales 
inversely with hold capacitor value 
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Hold Capacitor 
For fast sample and hold applications, 
the size of the hold 
capacitor is critical. A low value will give fast acquisition, 
but will also increase errors due to hold step, and droop 
caused by amplifier bias current. The capacitor should be 
made as large as possible, 
consistent 
with acquisition 
time and dynamic sampling error requirements. 
Capaci- 
tors larger than O.1I'F have an additional problem. They 
are generally not available in the low loss dielectrics 
like 
Teflon, Polystyrene, and NPO, at least not at a reasonable 
price 
and 
size. 
Mylar, 
even with 
its poor dielectric 
absorption properties, 
may be a reasonable choice where 
very long sample times are used and low droop rates are 
needed. 


Dielectric absorption in the hold capacitor can often be the 
major source of error in a sample and hold. The equivalent 
"circuit" 
of a typical 
capacitor 
is shown 
below with 
parallel RC networks used to model dielectric absorption. 


Typical Hold Capacitor 
Equivalent 
Circuit 


Ca. Cb~O.Ol 
TO 0.1 Ch 


Ra• Rb GENERATE TIME CONSTANTS 
OF 0.1-50 
MllLiSECONOS 
WITH Ca. Cb 


One can see that rapid changes in capacitor voltage will 
not 
be tracked 
by the 
internal 
parasitic 
capacitors 
because of the resistance in series with them. This leads 
to a "sag" 
effect in the hold capacitor after a sudden 
change in voltage followed 
by rapid switch to the hold 
mode. The capacitor remembers its previous state via the 
charge on the internal 
parasitic 
capacitance 
and sags 
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back slightly toward the previous voltage. The magnitude 
of the sag depends on the voltage change and the time 
spent sampling 
the new voltage. Several time constants 
are typically evident in the sag, although some capacitors 
tend to exhibit a single time constant, while others show a 
sag that indicates a blending of many time constants. The 
curves 
labeled 
CAPACITOR DIELECTRIC ABSORPTION 
show the amount of sag found after a 10V step with sam- 
ple time at the new voltage and hold time at the new 
voltage as variables. 
It is obvious that sag problems are 
minimized 
by long sample times and short hold times. 


This is often in conflict with basic sampling requirements, 
but one point should be made: if at all possible, keep the 
sample and hold amplifier 
in the "tracking", 
or sam- 


pling, mode as much as possible to maximize the time the 
hold capacitor 
spends 
near the voltage at which 
it will 
eventually 
"hold". 


The best capacitor 
for sample and hold applications 
is 
Teflon. It is clearly superior with regard to dielectric 
ab- 
sorption 
and operates 
over the full 
-55°C 
to 125°C 
temperature 
range. If size or price becomes a problem, 


the second choice for full temperature 
range operation is 


"NPO", 
or "COG" 
ceramic units. 
Some care must be 
used here-not 
all NPO capacitors 
use the low dielectric 
constant ceramic necessary for low dielectric absorption. 
For lower temperatures 
(:5 lO°C), 
Polystyrene has tradi- 
tionally been the best hold capacitor. The best units are 
cylindrical 
and fairly large-there 
seems to be a strong 
correlation 
between small size and poorer dielectric 
per- 
formance. 
Polypropylene 
has nearly the same absorption 
properties 
as polystyrene 
and offers 85°C operation. 
It 
also tends to be smaller. Again, 
stay with cylindrically 
wrapped 
units. Other standard dielectrics 
such as mica, 


glass, mylar, and ordinary ceramic are much worse with 
regard to dielectric absorption. 
Mylar is sometimes used 
for large values when the ratio of sample to hold time is 
large and extremely 
low droop is required. 


Dynamic Sampling 
Error 
A significant sampling error can occur in any sample and 
hold if the input is moving when the unit is put into the hold 
mode. The two major causes for this error are digital delay in 
switch opening and analog delay across the hold capacitor. 


The switch opening delay is obvious and leads to a ,. held" 
output error of (dv /dt) x (Td), where dv /dt is the slew rate 
of the input signal and Td is switch delay. In the case of the 
LF198, Td is approximately 
150ns, giving a 4.5mV error 
when sampling the zero crossing of a 5V (peak) sine wave 
at 1kHz (dv /dt =A027rt =5°27l"°103). 
The analog delay is 
the difference between input signal and capacitor voltage. It 
is determined by the RC product of the hold capacitor and 
the effective series resistance, which 
in the case of the 
LF198 is about 150n. This analog delay with a 0.01pF hold 
capacitor is RoC = 150 X 10-8 = 1.5J.lS,or about ten times 
the delay of the switch. 
The sign of the analog delay is 
negative-the 
held output is related in time to the input 
voltage before the hold command was given. The overall 
dynamic sampling error is the sum of the digital and analog 
errors. The curve labeled Dynamic Sampling Error will be 
helpful in estimating these errors as a function of input slew 
rate and hold capacitor size. 


Dynamic sampling error can be reduced by a factor of ten 
or more by inserting a delay in the logic input so that the 
"hold" 
command 
is delayed by an amount equal to the 
RC time constant of the LF198 and external hold capaci- 
tor. For a 0.01 /LFhold capacitor and the 150n resistor in- 
ternal to the LF198, this is 1.5J.lS. A simple RC network 
can be used in front of the logic input for delays up to 
"" 1J.lS.Longer delays require the addition of a logic gate 
to speed up the rise time of the delayed signal. See LOGIC 
RISE TIME in this section for further 
details. 


Hold Step 
Hold step is the small voltage step (after settling) seen at 
the output 
of a sample 
and hold amplifier 
when 
it is 
switched from the sample mode to the hold mode with a 
steady DC input. Hold step is typically the result of, or can 
be modeled as, a fixed quantity of charge transferred 
to 
the hold capacitor as a result of the internal switching 
that 
occurs 
during 
the hold command. 
In the case of the 
LF198, 
that charge is about 5 picocoulombs, 
giving a 
hold step of 0.5mV for a 0.01/LF hold capacitor and 5mV 
for a 1000pF 
hold capacitor. 
(V =Q/C.) 
Hold step is 
reasonably independent of logic amplitude 
if care is taken 
to minimize the stray capacitance between the logic input 
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and the hold capacitor. With thoughtful 
layout, including 
the guarding technique 
shown below, stray capacitance 
should be under 0.3pF, limiting charge variations to less 
than 0.3 picocoulombs 
per volt. 


Hold step varies slightly with analog input voltage (see 
curves). A typical unit will change at 0.4 picocoulombs per 
volt. This manifests itself as a gain error when the amplifier 
is switched to the hold mode. With a 0.01",F capacitor, the 
resulting gain error will be (0.4 PCfV)fO.01",F 
=0.004%. 


This gain error is in the opposite direction of DC (sample 
mode) gain error. At high values of hold capacitor, DCgain 
error will dominate and gain will be slightly below unity 
(0.002%). 
For low value capacitors 
« 
0.01",F), hold step 
induced gain error will dominate and hold mode gain will 
be slightly 
above unity. Zeroing out hold step does not 
change the variation of hold step with regard to input 
voltage. 


Offset Zeroing 
A sample and hold amplifier 
has two distinct offset volt- 
ages. The first is just the DCoffset of the amplifier while in 
the sample or •'tracking" 
mode. It is identical to the input 
offset of any operational 
amplifier. 
The second 
offset 
voltage is the sum of the DC offset plus a dynamic term 
called hold step. Hold step is a change in output voltage 
when the amplifier is switched from sample mode to hold 
mode, with the input held steady. This second offset is 
often called hold mode offset. It can be less than or much 
greater than the DC offset, depending 
on the magnitude 
and sign of hold step. 


A fairly accurate 
model for hold step is a fixed charge 
injected into the hold capacitor by the switch turn-off cir- 
cuitry. The magnitude 
of the charge is reasonably inde- 
pendent of logic input amplitude. The resulting change in 
hold capacitor voltage is Of Ch. The charge, 0, is typically 
5 picocoulombs, 
giving a 0.5mV hold step with a 0.01",F 
hold capacitor. Since most sample and hold amplifiers are 
"used," 
i.e., have their outputs read by an A to D con- 
verter, etc., during the hold mode, hold mode offset is 
arguably 
much more important 
than sample mode DC 
offset. 


DC offset adjustment 
is accomplished 
with a 1k low TC 
cermet 
potentiometer 
tied to V+ 
with 
0.6mA 
flowing 
through it and the wiper tied to pin 2. This allows pin 2 to 
be moved ±300mV around 
its nominal voltage (0.3V 
below V +). Offset adjustment 
range is ±9mV, and the 
adjustment 
procedure 
nominally 
improves 
offset 
drift 
when 
the 
DC offset 
is reduced 
to zero. 
This 
offset 
method 
can be used to zero out hold mode offset, but at 
the expense of some induced offset drift. Each millivolt of 
hold step offset that is corrected 
by this method intro- 
duces 
3.3",VfoC 
drift. 
For 0.002",F 
or 
larger 
hold 
capacitors where hold step is a few millivolts or less, this 
is a practical solution to hold mode offset. 
In precision 
wide temperature 
range applications, 
or where Ch is less 
than 0.002",F, 
a separate 
hold mode zeroing 
method 
should be used. The circuit shown in the application sec- 
tion using a logic inverter and a 5pF capacitor is recom- 
mended (DC AND AC ZEROING). 
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Logic Fall Time 
Hold step is independent 
of logic input fall time only for 
fall times faster than 1OVIpS. 
For instance, as logic fall 
time changes from 1OVI pS to 1VIpS, 
hold step with a 
O.01I-'F hold capacitor will typically increase from O.25mV 
to 1.0mV. See the curve labeled HOLD STEP vs LOGIC 
SLEW RATEfor further data points. If logic slew rate is not 
constant, use the value at the threshold point (1.5V with 
respect to logic reference). 
An RC network will have a 
discharge 
slew rate of VL/RC, 
where VL is the logic 
threshold of the LF198. The delay generated by the net- 
work will be RC-ln(V+ IVL), 
where V+ 
is logic ampli- 
tude. For a 1pS delay, with 5V logic, an RCtime constant 
of O.8pS is needed. This has a slew rate of 2V/pS 
at 
threshold, 
which will slightly degrade hold step. It is ob- 


vious that an RC delay network significantly 
longer then 


1pS will have a large effect on hold step. If longer delays 
are required, they should be followed by several inverter 
stages or a Schmitt trigger to increase slew rate. 


I 
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Hold Step: 
The voltage step at the output of the amplifier 
when switching 
from sample mode to hold mode with a 
constant analog input voltage and a logic swing of 5V. 


Acquisition 
Time: 
The time required to acquire, within a 
defined error, a new analog input voltage with an output 
change of 10V. Acquisition 
time includes output settling 
time and includes the time required for all internal nodes 
to settle so that the output is at the proper value when 
switched to the hold mode. 


Gain Error: 
The ratio of output voltage swing to input 
voltage swing in the sample mode expressed as a percent 
difference. 


Hold Settling Time: 
The time required for the output to 
settle within 
1mV of final value after a hold command is 
initiated. 


Dynamic Sampling 
IError: The error introduced 
into the 
held output voltage due to a changing analog input at the 
time the hold command is given. Error is expressed in mV 
with a given hold capacitor value and input slew rate. 
Note that this error term occurs even for long sample 
times. 


Aperture 
Time: 
The delay required 
between 
"Hold" 
command and an input analog transition, 
so that the tran- 
sition does not affect the held output. 
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H Package 
Metal Can 


J8 Package 


8 Lead Hermetic 
DIP 


+ 
0,165-0.185 
(4.191-4.699) 
•+ 
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(O.76~y~.778) 


(2B~) 
~ 
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0.008-0.015 
(0.203-0.381) 
,y, 


0.290-0.310 
(7.366-7.874) 


• 
4/Ls Typfcal Acquisition Time 
• Guaranteed 0.01% Max. Gain Error 
• 2mV Typ. Offset Voltage 
• 2.5mV Max. Hold Step 
• Very Low Feedthrough 80dB Min. 
• High Input Impedance Under All Conditions 
• Logic Inputs Compatible with All Logic Families 


• 12·Bit Data Acquisition Systems 
• Ramp Generators 
• Analog Switches 
• Staircase Generators 
• Sample and Difference Circuits 
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Precision Sample 
and Hold 
Amplifier 


The LF398 is a precision sample and hold amplifier which 
uses a combination of bipolar and junction FET transis- 
tors to provide precision, high speed, and long hold times. 
A typical offset voltage of 2mV and gain error of 0.004% al- 
low this sample and hold amplifier to be used in 12-bit sys· 
tems. Dynamic performance can be optimized by proper 
selection of the external hold capacitor. Acquisition times 
can be as low as 4/Ls for small capacitors while hold step 
and droop errors can be held below 0.1mV and 30/LV/secre- 
spectively when using larger capacitors. 


The LF398 is fixed 
at unity 
gain with 
101°0 input 
impedance independent of sample/hold mode. The logic 
inputs are high impedence differential to allow easy in- 
terfacing to any logic family without ground loop prob· 
lems. A separate offset adjust pin can be used to zero the 
offset voltage in either the sample or hold mode. Addi· 
tionally, the hold capacitor can be driven with an external 
signal to provide precision level shifting or "differencing" 
operation. The device will operate over a wide supply volt- 
age range from ± 5V to ± 18V with very little change in 
performance, and key parameters are specified over this 
full supply range. 


10 
~~ 
~ 
>= 


100 


Input Voltage 
Equal to Supply Voltage 
Logic to Logic Reference Differential 
Voltage (Note 2) 
+ 30V, - 30V 
Output Short Circuit 
Duration 
Indefinite 
Hold Capacitor 
Short Circuit 
Duration 
10 sec 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 
Supply Voltage 
± 18V 
Power Dissipation 
(Package Limitation) 
(Note 1) 
500mW 
Operating 
Temperature 
Range 
O°C to 70°C 
Storage Temperature 
Range 
- 65°C to 150°C 


ORDER 


TOP VIEW 
PART NUMBER 
.,[]w" 
LF398S8 
OFFSET 
LOGIC 


AOJUST 
2 
.. 
7 
REFERENCE 


INPUT 
3 
•.• 
6 
Ch 
v- 
4 
5 
OUTPUT 
PART MARKING 


S8 PACKAGE 
PLASTIC SO 
398 


LF398 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage (Note 6) 
2 
7 
mV 
• 
10 
mV 


Input Bias Current (Note 6) 
10 
50 
nA 
• 
100 
nA 


Input Impedance 
1010 
{) 


Gain Error 
RL= 10k 
0.004 
0.01 
% 
• 
0.02 
% 


Feedthrough Attenuation Ratio at 1kHz 
Ch= O.Q1~F 
80 
96 
dB 


Output Impedance 
"HOLD" Mode 
0.5 
4 
{) 
• 
6 
{) 


"HOLD" Step (Note 4) 
Ch=0.01~F, VOUT=O 
0.5 
2.5 
mV 


Supply Current (Note 6) 
T,,25°C 
4.5 
6.5 
mA 


Logic and Logic Reference Input Current 
2 
10 
~A 


Leakage Current Into Hold Capacitor (Note 6) 
"HOLD" Mode (Note 5) 
30 
200 
pA 


Acquisition Time to 0.1% 
l:NOUT= 10V,Ch= l000pF 
4 
~s 
Ch=O.Ol~F 
16 
~s 
Hold Capacitor Charging Current 
VIN - Vour= 2V 
5 
mA 


Supply Voltage Rejection Ratio 
Vour=O 
80 
110 
dB 


Differential Logic Threshold 
0.8 
1.4 
2.4 
V 


The. 
denotes the specifications 
which apply over the full operating 
temperature range. 


Note 1: Tj max for the LF398S8 is 100°C. 


Note 2: The logic inputs are protected to ± 30V differential as long as the 
voltage on both pins does not exceed the supply voltage. For proper opera· 
tion, however, both logic and logic reference pins must be at least 2V beiow 
the positive supply and one of these pins must be at least 3V above the 
negative supply. 


Note 3: Unless otherwise noted, Vs = ± 15V,Ti= 25°C, 
-11.5V :5V1N:5 = + 11.5V,Ch= O.Q1~F,RL = 10k{)and unit Is in "sample" 
mode. Logic reference = OVand logic voltage = 2.5V. 


Note 4: The hold step is sensitive to stray capacitance coupling between 
input logic signals and the hold capacitor. lpF, for Instance, will create an 
additional 0.5mV step with a 5V logic swing and a O.Ol~Fhold capacitor. 
Magnitude of the hold step is inversely proportional to hold capacitor value. 


Note 5: Leakage current is measured at ajunclion temperature of 25°C. 
The effects of junction temperature rise due to power dissipation or elevat· 
ed ambient can be calculated by doubling the 25°C value for each 11°C in· 
crease in chip temperature. Leakage is guaranteed over full input signal 
range. 


Note 6: These parameters are guaranteed over a supply voltage range of 
±5Vto 
±18V. 


SECTion 10- 
AS232 InTERFACE 


INDEX 
. 


SELECTlDN GUIDE 
. 


PROPRIETARY PRODUCTS 


LTl015, High Speed DualLine Receiver. 


LTI 030, Quae:tLow Power Line Driver 
. 


LTl030CS, 
Quad Low Power Line Driver 
. 


LTl032,QuadLowPowerLineDriver 
. 


LTl039, 
RS232 DriverlReceiver 
with Shutdown 
. 


LTC1045, Programmable MicropowerHex 
TranslatorlReceiverlDriver 
. 


LTl080, Advanced Low Power 5V RS232 Dual Driver IReceiver 
. 


LTl081,AdvancedLowPower5VRS232DualDriverlReceiver. 
. 
. 


LTl080CSIL Tl081CS, 5V Powered RS232 Driver IReceiver with Shutdown. 


LTl130. 5·Driver 15-Receiver RS232 Transceiver. 


LTl13l, 
5-Driver 14-Receiver RS232 Transceiver with Shutdown 


LTl132, 5-Driver 13-Receiver RS232 Transceiver 
. 


LTl133, 3-Driver 15-Receiver RS232 Transceiver. 


LTl134, 
4-DriverI4-ReceiverRS232 
Transceiver 
. 


LTl135, 5-Driver 13-Receiver RS232 Transceiver without Charge Pump 


LTl136, 4-Driver 15-Receiver RS232 Transceiver with Shutdown 
. 


LTl137, 3-Driver 15-Receiver RS232 Transceiver with Shutdown 


LTl138, 
5-DriverI3-ReceiverRS232 
Transceiver with Shutdown 
. 


LTl139, 
4-DriverI4-ReceiverRS232 
Transceiver with Shutdown 
. 


LTl140, 5-Driver 13-Receiver RS232 Transceiver without Charge Pump 


LTl141, 
3-DriverI5-ReceiverRS232 
Transceiver without Charge Pump 
. 


LTl180, Advanced Low Power 5V RS232 Dual DriverIReceiver with Small Capacitors 


LTl181, Advanced Low Power 5V RS232 Dual Driver IReceiver with Small Capacitors 


LT1280,AdvancedLowPower5VRS232DuaIDriverIReceiver 
. 


LTl281, Advanced Low Power 5V RS232 Dual DriverIReceiver. 
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10-19 


10-27 


10-43 


10·43 


10-51 


10-55 


10-55 


10-55 


10-55 


10-55 


10-55 


10-55 


10-55 


10-55 


10-55 


10-55 


10-55 


10-67 


10·67 


10·75 


10-75 
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INTERFACE PRODUCTS SELECTION GUIDE 
~, 
TECHNOLOGY-------- 


NUMBER OF 
NUMBER OF 
MAXIMUM 
SHUTDOWN 
PACKAGES 
PART NUMBER 
DESCRIPTION 
DRIVERS 
RECEIVERS 
SUPPLY CURRENT 
FEATURE 
AVAILABLE 
IMPORTANT 
FEATURES 


LT1030C 
Quad Micropower 
RS232 Line Driver 
4 
0 
1mA 
X 
J,N,S 
Quad RS232 Driver, Can be Strobed 
Off for Zero Suppiy Current. Supply 
Ranoe from ± 5V to + 15V. 


LT1032C, I, M 
Quad Micropower 
RS232 Line Driver 
4 
0 
1mA 
X 
J, N 
Quad RS232 Driver. Can be Strobed 
Off for Zero Supply Current. Supply 
Range from ± 5V to + 15V. 


LT1039C, I, M 
Triple RS232 Driver/Receiver 
with 
3 
3 
15mA 
X 
J, N 
Tripie RS232 Driver/Receiver 
Includes 
Shutdown 
Shutdown 
Feature. Bias Pin Allows 
One Receiver to Remain Active while 
the Rest of the Device is Shut Down. 
Ruooed Bipolar Desion. 


LT1039C·16 
Triple RS232 Driver/Receiver 
3 
3 
15mA 
J16, N16 
16 Pin Version of LT1039without 
Shutdown 
Feature. Pin-For-Pin 
Compatible 
with MC145406, Rugged 
Bipolar Design Less Subject to ESD 
Damaoe and Latchup. 


LT1080C, i, M 
+ 5V Powered RS232 Driver/Receiver 
2 
2 
22mA 
X 
J,N,S 
Dual RS232 Driver/Receiver 
with Built 
with Shutdown 
In + 5V to ± 9V Power Converter. 
Shutdown 
Feature Allows Device to 
be Turned Off When Not Used, Saving 
Power. 


LT1180C, I, M 
+ 5V Powered RS232 Driver/Receiver 
2 
2 
22mA 
X 
J, N, S 
Dual RS232 Driver/Receiver 
with Built 
with Shutdown 
In + 5V to ± 9V Power Converter. 
Shutdown 
Feature Allows Device to 
be Turned Off When Not Used, Saving 
Power. Uses smaller O.l~F 
capacitors. 


LT1081C, I, M 
+ 5V Powered RS232 Driver/Receiver 
2 
2 
22mA 
J,N,S 
16 Pin Version of LT1080 without 
Shutdown 
Feature. Pin-For-Pin 
Compatible 
with MAX-232, Rugged 
Bipolar Design Less Subject to ESD 
Damaoe and Latchup. 


LT1181C, I, M 
+ 5V Powered RS232 Driver/Receiver 
2 
2 
22mA 
J,N,S 
16 Pin Version of LTl180 without 
Shutdown 
Feature. Pin-For-Pin 
Compatible 
with MAX-232, Rugged 
Bipolar Design Less Subject to ESD 
Damage and Latchup. 
Uses smaller 
O.l~F Capacitors. 
LTC1045C, M 
programmable 
Micropower 
Hex Level 
0 
6 
4.5mA 
J, N, S 
Versatile 
Level Translator 
Performs 
Translator/Receiver/Driver 
100~" 
Many Levei Translation, 
Line Driver 
and Line Receiver Functions. 
Power 
Consumption 
is Programmable. 


LT113OC, M 
+ 5V Powered RS232 Transceiver 
5 
5 
27mA 
J, N, S 
LT113X Product Family Offers Wide 
LTl131C, M 
+ 5V Powered RS232 Transceiver 
5 
4 
27mA 
X 
J,N,S 
Array of Multiple Driver/Receiver Func- 


LT1132C, M 
+ 5V Powered RS232 Transceiver 
5 
3 
27mA 
J, N, S 
tions. All Devices (Except LTll35, 


LT1133C, M 
+ 5V Powered RS232 Transceiver 
3 
5 
27mA 
J, N, S 
LT1139, LT1140, LT1141) Have +5V to 
± 9V Power Supply Converter On-Chip. 
LT1134C, M 
+ 5V Powered RS232 Transceiver 
4 
4 
27mA 
J,N,S 
All Outputs are Overload Protected and 
LT1135C, M 
+ 5V Powered RS232 Transceiver 
5 
3 
· 
J,N,S 
Do Not Allow Current Flow Back Into 


LT1136C, M 
+ 5V Powered RS232 Transceiver 
4 
5 
27m A 
X 
J,N,S 
Power Supplies When Shut Down. The 


LT1137C, M 
+ 5V Powered RS232 Transceiver 
3 
5 
27mA 
X 
J,N,S 
LT1135, LT1140and LTl141 Do Not 
Have Onboard Voltage Converters and 
LT1136C, M 
+ 5V Powered RS232 Transceiver 
5 
3 
27mA 
X 
J,N,S 
are Ideal for Low Power Applications 
LT1139C, M 
+ 5V Powered RS232 Transceiver 
4 
4 
· 
X 
J, N,S 
with ± 12V Supplies Already Available. 


LT114OC, M 
+ 5V Powered RS232 Transceiver 
5 
3 
· 
X 
J, N,S 
The LT1139 Hasa + 12Vto -9V 
Volt- 


LT1141C, M 
+ 5V Powered RS232 Transceiver 
3 
5 
· 
X 
J, N, S 
age Converter and is Suited for Low 
Power Applications 
where + 12V and 
+ 5V Supplies are Available . 


• Not yet determined 
at time of printing. Will be substantially 
below 27mA. Consult factory for actual values . 


• • Programmable 
down to 100~A. 


• Low Operating Voltage ± 5V to ± 15V 
• 500pA Supply Current 
• Zero Supply Current when Shut Down 
• Outputs Can Be Driven ± 30V 
• Output "Open" 
when Off (3-State) 
• 10mA Output Drive 
• Pinout Similar to 1488* 
• Output of Several Devices can be Paralleled 
• Available in SO Package 


• RS232 Driver 
• Micropower 
Interface 
• Level Translator 


LT1030 


Quad Low Power Line Driver 


The LT1030 is an RS232 line driver that operates over a 
±5V to ± 15V range on low supply current and can be 
shut down to zero supply current. Outputs are fully pro- 
tected from externally applied voltages of ±30V by current 
limiting. Since the output swings to within 200mV of the 
positive supply and 1V of the negative supply, power supply 
needs are minimized. 


A major advantage of the LT1030 is the high impedance 
output state when off or powered down, which allows 
several different drivers on the same bus. 


Our RS232 product line includes other high-performance 
devices. 
The 
LT1039 
is a triple 
low-power 
driver / 
receiver with shutdown 
that can be powered from a 5V 
supply. The LT1080 is a 5V powered dual driver / receiver 
with on-chip ±9V power generator, and shutdown. 
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INPUT 


OUTPUT 


ON-OFF 


(OV-SV)t 


INPUT 


OUTPUT 


+6V 


STROBE- 


INPUT 


OUTPUT 


NC 


INPUT 


OUTPUT 


-NO CONNECTION NEEDED WHEN NOT USED 
tSV=ON. 
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OUTPUT CURRENT (mA) 


ABSOLUTEmAXimum 
RATinGS 


Supply Voltage. 
. . . . . . . . . . . . . . . . . . . . . . .. 
± 15V 
Logic Input Pins 
V- 
to 25V 
On-Off Pin 
GNDto 12V 
Output(Forced) 
V- 
+30V, V+ -30V 
Short Circuit Duration (to ±30V) 
Indefinite 
Operating Temperature Range 
LT1030C 
O°Ct070°C 
Guaranteed Functional by Design. 
.. 
- 25°C to 85°C 
Storage Temperature 
-65°C 
to 150°C 
Lead Temperature (Soldering, 
10sec) 
300°C 


J PACKAGE 
N PACKAGE 


14-LEAD 
CERAMIC 
DIP 
S PACKAGE 
14-LEAO 
PlASTIC 
DIP 


"-LEAD 
PlASTIC 
S 
(_1SO'WIDE) 


ORDER PART 
NUMBER 


LT1030CJ 
LT1030CN 
LT1030CS 
FOR MILITARY 
APPLICATIONS 
USE LT1032MJ 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Current 
VON'OFF 
2: 2.4V, lOUT= 0, All Outputs Low 
• 
500 
1000 
pA 


Power Supply Leakage Current 
VON-OW"O.4V 
1 
10 
pA 


VON·OFF:s0.1V 
• 
10 
150 
pA 


Output Voltage Swing 
Load= 2mA 
I Positive 
V+ -0.3V 
V+-O.1V 
V 
I Negative 
V 
+0.9V 
V 
+ l.4V 
V 


Output Current 
VSUPPLY± 5V to ± 15V 
5 
12 
mA 


Output Overload Voltage (Forced) 
Operating or Shutdown 
• 
V+ -30V 
V 
+30V 
V 


Output Current 
Shutdown 
VOUT=±30V 
2 
100 
pA 


Input Overload Voltage (Forced) 
Operating or Shutdown 
• 
V 
15 
V 


Logic Input Levels 
Low Input (VOUT= High) 
• 
1.4 
0.8 
V 
High Input (VOUT=Low) 
• 
2 
1.4 
V 


Logic Input Current 
VIN>2.0V 
2 
20 
pA 
VIN<0.8V 
10 
20 
pA 


On-Off Pin Current 
0:sV1N:s5V 
• 
-10 
30 
65 
pA 


Slew Rate 
4 
15 
30 
V/p.S 


The. 
denotes specifications which apply over the operating 
temperature range. 
Note 1: 3V applied to the strobe pin will force all outputs low. Strobe pin 
input impedance is about 2k to ground. Leave open when not used. 


PIN 


1 


2,5,9,12 


FUNCTION 


Minus Supply 


Logic Input 


3,6,8,11 


4 


Output 


On-Off 


Ground 


Strobe 


COMMENT 


Operates - 2V to - 15V 


Operates properly on TTL or CMOS levels. 
Output valid from (V- + 2V) :sV1N:s 15V. 
Connect to 5V when not used. 


Line drive output. 


Shuts down entire circuit. Cannot be left 
open. For "normally on" operation, con- 
nect between 5V-l0V. 


Ground must be more positive than V- 


Forces all outputs low, Drive with 


3V, 


Positive supply 5V to 15V. 


Note: As with other bipolar ICs, forward biasing the substrate 
diode can cause problems. The LTl030 will draw high current 
from V + to ground if the V- pin is open circuited or pulled 
above ground. If this is possible, connecting a diode from V- 
to ground will prevent the high current state. Any low cost diode 
can be used. 


On Supply Current vs 
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Off Output Leakage vs 
Temperature 
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On Supply Current vs Supply 
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Off Supply Current vs 
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On-Off Pin Current vs Voltage 
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Shutdown 
Voltage vs 
Temperature 
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J Package 
14-Lead 
Hermetic OIP 


Dimensions in inches (millimeters) 
unless otherwise noted. 


N Package 
14-Lead 
Plastic 


00-0018 
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I 
I-(~~~:~ 
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• 
Low Operating Voltage ±5V to ± 15V 
• 500~ASupply Current 
• Zero Supply Current when Shut Down 
• Outputs can be Driven ±30V 
• Output "Open" when Off (3-State) 
• 
10mA Output Drive 
• 
Pin Compatible with 1488 
• Output of Several Devices can be Paralleled 


• 
RS232Driver 
• 
Micropower Interface 
• 
Level Translator 


LT1030CS 


Quad Low Power Line Driver 


The LT1030 is an RS232 line driver that operates over a 
±5V to ± 15Vrange on low supply current and can be shut 
down to zero supply current. Outputs are fully protected 
from externally applied voltages of ±30V by current limit- 
ing. Since the output swings to within 200mV of the posi- 
tive supply and 1V of the negative supply, power supply 
needs are minimized. 


A major advantage of the LT1030 is the high impedance 
output state when off or powered down, which allows 
several different drivers on the same bus. 


-6V 


INPUT 


OUTPUT 


ON-OFF 


(OV-SV)t 


INPUT 


OUTPUT 


+6V 


STROBE" 


INPUT 


OUTPUT 


NC 


INPUT 


OUTPUT 


"NO CONNECTION NEEOEO WHEN NOT USED. 


tSV=ON. 


V+ 
::;-;:;-02 
U.J 
i2 -0.4 
<>- 
:::>eno 
I-o 
1.2 
U.Ja: 
ffi 
1.0 
u.. 
U.J 
~ 
0.8 


""~ 
0.6 
§; 
I- 
0.4 


:::> 
~ 
0.2 
:::>o 


I 


OUTPUT HIGH 
- 


./ ~ 
OUTPUT LOW 
,/ 


v- 
o 
2 
3 
4 


OUTPUT CURRENT (mAl 


Supply Voltage. 
. . . . . . . . . . . . . . . . . . . . . . .. 
± 15V 
Logic Input Pins 
V- 
to 25V 
On-Off Pin 
GND to 12V 
Output(Forced) 
V- 
+30V, 
V+ -30V 
Short Circuit Duration (to ± 30V) 
Indefinite 
Operating Temperature 
Range 


LT1030C 
O°C to lO°C 
Guaranteed Functional by Design 
- 25°C to 8~oC 
StorageTemperature 
-65°Cto150°C 
Lead Temperature (Soldering, 
10 sec) 
300°C 


ORDER PART 
NUMBER 


PART MARKING 


LT1030CS 


PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply 
Current 
VON'OFF2: 2.4V. 
lOUT= 0, All Outputs 
Low 
• 
500 
1000 
,..A 


Power Supply 
Leakage 
Current 
VON'OFF:5 0.4V 
1 
10 
,..A 


VON'OFF:5 O. 1V 
• 
10 
150 
p.A 


Output 
Voltage 
Swing 
Load = 2mA 
I Positive 
V+ -0.3V 
V+-0.1V 
V 


I Negative 
V 
+0.9V 
V 
+1.4V 
V 


Output 
Current 
VSUPPLY± 5V to ± 15V 
5 
12 
mA 


Output 
Overload 
Voltage 
(Forced) 
Operating 
or Shutdown 
• 
V+ 
- 30V 
V 
+30V 
V 


Output 
Current 
Shutdown 
VOUT= ±30V 
2 
100 
p.A 


Input 
Overload 
Voltage 
(Forced) 
Operating 
or Shutdown 
• 
V 
15 
V 


Logic 
Input Levels 
Low Input 
(VOUT- 
High) 
• 


1.4 
0.8 
V 
High Input 
(VOUT= Low) 
• 
2 
1.4 
V 


Logic 
Input 
Current 
V1N>2.0V 
2 
20 
p.A 


V1N<0.8V 
10 
20 
,..A 


On-Olf 
Pin Current 
0:5 V1N:5 5V 
• 
-10 
30 
65 
p.A 


Slew 
Rate 
4 
15 
30 
VII'S 


The. 
denotes 
specifications 
which 
apply 
over the operating 


temperature 
range. 


Note 1: 
3V applied 
to the strobe 
pin will force all outputs 
low. Strobe 
pin 


input 
impedance 
is about 
2k to ground. 
Leave open when 
not used. 


PIN 


1 


2,5,9,12 


FUNCTION 


Minus 
Supply 


Logic 
Input 


3,6,8,11 


4 


Output 


On-51i 


Ground 


Strobe 


COMMENT 


Operates 
- 2V to -15V 


Operates 
properly 
on TTL or CMOS levels. 


Output 
valid tram 
(V- 
+ 2V) :5V1N :515V. 


Connect 
to 5V when 
not used. 


Line drive 
output. 


Shuts 
down 
entire 
circuit. 
Cannot 
be left 


open. 
For "normally 
on" 
operation, 
con- 


nect between 5V-l0V. 


Ground 
must 
be more positive 
than V- 


Forces 
all outputs 
low. 
Orive with 


3V. 


Positive 
supply 
5V to 15V. 


Note: 
As with other bipolar 
ICs, forward 
biasing 
the substrate 


diode can cause problems. 
The L11030 will draw high current 


from V + to ground 
if the V- 
pin is open circuited 
or pulled 


above ground. 
If this is possible, 
connecting 
a diode from V- 


to ground 
will prevent the high current 
state. Any low cost diode 
can be used. 


FEATURES 


• Low Operating Voltage ±5V to ± 15V 
• 500pA Supply Current 
• Zero Supply Current when Shut Down 
• Outputs Can Be Driven ±30V 
• Thermal 
Limiting 
• Output "Open" 
when Off (Three-State) 
• 10mA Output Drive 
• Pinout Similar to 1488 (See Diagram)· 


• RS232 Driver 
• Power Supply Inverter 
• Micropower 
Interface 
• Level Translator 


LT1032 


Quad Low Power Line Driver 


DESCRIPTion 


The LT1032 is a RS232 and RS423 line driver that operates 
over a ± 5V to ± 15V range on low supply current and can 
be shut down to zero supply current. Outputs are fully pro- 
tected from externally applied voltages of ± 30V by both 
current and thermal limiting. 
Since the output swings to 
within 200mV of the positive supply and 600mV of the neg- 
ative supply, power supply needs are minimized. 


Also included is a strobe pin to force all outputs low inde- 
pendent of input or shutdown 
conditions. 
Further, slew 
rate can be adjusted 
with a resistor 
connected 
to the 
supply. 


A major advantage of the LT1032 is the high impedance 
output state when off or powered down. 


For applications 
requiring dual or triple RS232 driver/re- 
ceiver devices, see the Ln080 
(dual) or LT1039 (triple) 
datasheets. 
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Supply Voltage. 
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± 15V 
Logic Input Pins 
V- 
to 25V 
On-Off Pin 
GNDto 15V 
Output(Forced) 
V- 
+30V, V+ -30V 
Response Pin. . . . . . . . . . . . . . . . . . . . . . . . . .. 
± 6V 
Short Circuit Duration (to ± 30V) 
Indefi nite 
Operating Temperature Range 
LT1032M . . . . . . . . . . . . . . . . . . .. 
- 55°C to 125°C 
LT1032C 
O°C to lO°C 
Guaranteed Functional by Design. 
.. 
- 25°C to 85°C 
Lead Temperature (Soldering, 10 sec) 
300°C 


VEE 
(-15VTO 
-5V) 
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ORDER PART 
NUMBER 


LT1032MJ 
LT1032CJ 
LT1032CN 


PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply 
Current 
VON.6i'i"~2.4V. 
10UT=O, 
All Outputs 
Low 
• 
500 
1000 
pA 


Power 
Supply 
Leakage 
Current 
VON·(jff"'O.4V 
1 
10 
pA 


VON·OFF"'O.1V, 
TA= 
125°C 
• 
10 
50 
pA 


Output 
Voltage 
Swing 
Load = 2mA 
I 
Positive 
V+-0.3V 
V+-O.1V 
V 


I 
Negative 
V 
+0.7V 
V 
+0.9V 
V 


Output 
Current 
VSUPPLY± 5V to ± 15V 
10 
22 
mA 


Output 
Overload 
Voltage 
(Forced) 
Operating 
or Shutdown 
• 
V+ -30V 
V 
+30V 
V 


Output 
Current 
Shutdown 
VOUT= ±30V 
2 
100 
pA 


Input 
Overload 
Voltage 
(Forced) 
Operating 
or Shutdown 
• 
V 
30V 
V 


Logic 
Input 
Levels 
Low Input 
(VOUT= High) 
• 


1.4 
0.8 
V 


High Input 
(VOUT= Low) 
• 
2 
1.4 
V 


Logic 
Input 
Current 
V1N> 2.0V 
2 
20 
pA 


V1N< 0.8V 
10 
20 
pA 


On-Off 
Pin Current 
0", 
V1N", 5V 
• 
-10 
3 
50 
pA 


Slew 
Rate 
IRESPONSE= 0 
4 
15 
30 
V/p.S 


Change 
in Slew 
Rate (Note 
2) 
IRESPONSE= + 50pA 
+50 
% 


IRESPONSE= - 50pA 
-50 
% 


Response 
Pin Leakage 
VSUPPLY= ±6V, 
VON/OFF"'O.4V, 
1 
pA 


VRESPONSE= ± 6V 


The. 
denotes 
specifications 
which 
apply 
over the operating 


temperature 
range. 


Note 1: 
3V applied 
to the strobe 
pin will force all outputs 
low. Strobe 
pin 


input 
impedance 
is about 
2k to ground. 
Leave open when 
not used. 


Note 2: 
Response 
can be changed 
by connecting 
a resistor 
to the 


supply. 
For supplies 
less nlan 
± 6V this current 
is disconnected 
when 


shut down. 
Leave open when 
not used. 
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Application Hints 


The LT1032 is exceptionally easy to use when compared 
to older drivers. Operating supply voltage can be as low 
as ± 3V or as high as ± 15V. Input levels are referred to 
ground. 


The logic inputs are internally set at TTL levels. Outputs 
are valid for input voltages from 1V above V- 
to 25V. 


Driving the logic inputs to V- 
turns off the output stage. 


The "on-off" 
control completely turns off all supply cur- 


rent of the LT10;\2. The levels required to drive the device 
on or off arp $et by internal emitter-base voltages. Since 
the CUrr:int into the' 'on-off" 
pin is so low, TTL or CMOS 
dril!":;rs have no problem controlling the device. 


The strobe pin is not fully logic compatible. The imped- 
ance of the strobe pin is about 2kn to ground. Driving the 
strobe pin positive forces the output stages low-even 
if 


the device is shut off. Under worst-case conditions, 
3V 
minimum at 2mA are needed driving the strobe pin to in- 
sure strobing. 


The response pin can be used to make some adjustment 
in slew rate. A resistor can be connected between the 
response pin and the power supplies to drive 50JLAto 
100JLAinto the pin. The response pin is a low impedance 
point operating at about O.75V above ground. For supply 
voltage up to ± 6V, current is turned off when the device 
is turned off. For higher supply voltages, a zener should 
be connected in series with the resistor to limit the voltage 
applied to the response pin to 6V. Also, for temperatures 
above 100°C, 
using the response 
pin is not recom- 
mended. The leakage current into the response pin at 
high temperatures 
is excessive. 


Outputs are well protected against shorts or externally 
applied votlage. Tested limits are ± 30V, but the device 
can withstand 
external voltages up to the breakdown of 
the transistors 
(typically 
about 50V). 
The LT1032 is 
usually immune to ESD up to 2500V on the outputs with 
no damage (limit of LTC tester). 


PIN 
FUNCTION 
COMMENT 


1 
Minus 
Supply 
Operates 
- 
2V to - 
15V 


2,5,9,12 
Logic 
Input 
Operates 
properly 
on TTL or CMOS levels. 


Output 
valid from 
(V - + 2Vj :sV1N:s 
15V. 
III 


Connect 
to ground 
when 
not used. 


3.6.8.11 
Output 
Line drive 
output. 


4 
On-OIT 
Shuts 
down 
entire 
circuit. 
Cannot 
be left 
open. 
For "normally 
on" 
operation, 
con- 


nect to V +. 


7 
Ground 
Ground 
must 
be more positive 
than V- 


10 
Response 
Control 
Allows 
limited 
change 
of slew 
rate. 
Leave 
open when 
not used. 


13 
Strobe 
Forces 
all outputs 
low. 
Drive with 
3V. 


14 
Positive Supply 
Operates 
5V to 15V 


+5VfJl0Vt 
5V 
j 


BOk 
BOk' Q~~INCREASES 


~ 
SLEW RATE 


PIN1°"l12Uk 
OR120k~50,.A 
OECREASES 
f 
~~ 
SLEW RATE 


-5V 
-15V 
10Vt 


•ABOUT 4V I pS CHANGE 
t ZENERS PREVENT LEAKAGE 


DURING SHUT DOWN 


fCLOCK= 1kHz 
5V-n 
OV....J L... 


VOUT 
13.7V AT NO LOAO 
+ 
12.0VAT10mA 
470pFr 
'=' 
-VOUT 
-13.7V 
AT NO LOAD 


-12.0V 
AT 10mA 


470PF1" 


IL 
_ 


J Package 
14-Lead Ceramic DIP 
N Package 
14·Lead Plastic DIP 


0.001-001' 
(O.2OJ-O.4(il)} 
I 
r-(::::~.:)-I 


Tjmax 
ejA 
ejC 


LTlO32MJ 
lS0·C 
100·C/W 
60·C/W 


LTl032CJ 
8S·C 
100·C/W 
60·C/W 


LTlO32CN 
8S·C 
100·C/W 
60·C/W 


• Operates from ± 5V to ± 15V Supplies 
• Fully Protected Against Overload 
• Outputs can be Driven ± 30V without 
Damage 
• Three-State Outputs; Outputs Open when Off 
• 
Bipolar Circuit-No 
Latch Up 
• 
± 30V Input Range 
• Triple Driver/Receiver 
• 
No Supply Current in Shutdown 
• 30kOInput 
Impedance 
• 
Meets All RS232 Specifications 
• 
16 Pin Version-Pin 
Compatible 
with MC145406 
• Available 
in SO Package 


• 
RS232 Interface 
• Terminals 
• 
Modems 


LT1039/LT1039-16 


RS232 Driver / Receiver 
with Shutdown 


The LT1039 is a triple RS232 driver/receiver 
which includes 
SHUTDOWN. 
Each receiver will accept 
up to ± 30V input 
and can drive either TTL or CMOS logic. The RS232 drivers 
accept TTL logic inputs and output 
RS232 voltage 
levels. 


The outputs 
are fully protected 
against 
overload 
and can 
be shorted to ground or up to ± 30V without 
damage to the 
drivers. 
Additionally, 
when the system 
is shut down or 
power is off, the outputs 
are in a high impedance 
state al- 
lowing 
data 
line 
sharing. 
Bipolar 
circuitry 
makes 
this 
driver/receiver 
exceptionally 
rugged against 
overloads 
or 
ESD damage. 


A bias pin allows one receiver to be kept on while the rest 
of the part is shut down. 


The 1039 is also available 
in the 16 pin version, 
without 
shutdown 
or bias pin functions. 


For applications 
requiring 
operation 
from a single 5V sup- 
ply, see LT1080/81 datasheet. 
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Supply Voltage 
Driver 0J + ,V - ) 
± 16V 
Receiver (Vee) 
.7V 
Logic Inputs 
V - 
to 25V 
Receiver Inputs 
± 30V 
On·Off Input 
GNDto 
12V 
Driver Outputs 
V - + 30V to V + - 30V 
Short Circuit 
Duration 
Indefinite 
Operating 
Temperature 
Range 
LT1039M 
-55°Cto 
125°C 
LT1039C 
OOCto lO°C 
Guaranteed 
Functional 
by Design 
- 25°C to 85°C 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


J PACKAGE 
N PACKAGE 
18-lEAO CERAMIC DIP 
S PACKAGE 
la.LEAD PlASTIC DIP 
18-LEAD PLASTIC SOL 


ORDER PART 
NUMBER 


LT1039CN16 
LT1039CJ16 
LT1039MJ16 


LT1039CN 
LT1039CJ 
LT1039MJ 
LT1039CS 


ELECTRICAL CHARACTERISTICS 


PARAMETER 
I__ 
C_O_N_D_IT_~O_N_s 
M_IN 
TY_P 
M_AX_~ 
__ 
U_N_IT_S 


Driver 
V+ =12V;V- 
= -12V;VON.()FF=2.5V 


Output Voltage Swing 
Load =3k 


I 


Positive 
• 
V+ -0.4 
V+ -0.1 
V 
to Ground 
Negative 
• 
V- 
+1.5 
V- 
+1 
V 


Logic Input Voltage 
Input Low Level (VOUT=High) 
• 
1.4 
0.8 
V 
Levels 
Input High Level (Vour = Low) 
• 
2.0 
1.4 
V 


Logic Input Current 
V,N2:2.0V 
1 
20 
~A 
V,N:s0.8V 
5 
20 
~A 


Output Short Circuit 
Sourcing Current, VOUT= OV 
5 
15 
mA 
Current 
Sinking Current, VOUT= OV 
-5 
-15 
mA 


Output Leakage Current 
SHUTDOWN (Notes 1 and 2); VOUT= ± 18V,V,N = 0 • 
10(25°C) 
200 
~A 


Supply Leakage Current 
SHUTDOWN (Note 1) 
• 
1(25°C) 
100 
~A 


Slew Rate 
RL =3kO; CL =51pF 
4 
15 
30 
VI~s 


Supply Current 
Vour= Low 
4 
8 
mA 


Input Voltage Thresholds 
Input Low (VOUT= High) 
• 
0.5 
1.3 
V 
Input High (Vour= Low) 
• 
1.7 
2.8 
V 


Hysteresis 
• 
0.1 
0.4 
1.0 
V 


Input Resistance 
• 
30 
kO 


Output Voltage 
Output Low, lour = -1.6mA 
• 
0.4 
0.5 
V 
Output High, lOUT= 160~A 
• 
3.5 
4.8 
V 


OutplJt Short Circuit 
Sinking Current, VOUT=Vcc 
• 
-10 
mA 
Current 
Sourcing Current, VOUT= OV(Note 3) 
• 
0.5 
1 
mA 


Output Leakage Current 
SHUTDOWN (Note 1);OV:sVour:sVcc, V,N = 0 
• 
1 
10 
~A 


Supply Current 
• 
4 
7 
mA 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Leakage Current 
SHUTDOWN (Note 1) 
I- 
1(25°C) 
100 
~A 


On·Off Pin Current 
OV~VON.OFF~5V 
I- 
-15 
80 
~A 


The _ denotes specifications 
which apply over the operating temperature 
Note 2: For TA2: 100°C, leakage current is 350~A max. 


range. 
Note 3: ForTA~ - 25°C, output source current is 0.4 mA. 


Notel: 
VON.QFF=0.4V for -55°C~TA~100°C, 
and VON'OFF=0.2Vfor 


100oC~TA~ 125°C. Does not apply to LT1039·16part. 


v +, V - 
(Pins 1, 9): Driver supply 
pins. Supply 
current 
drops to zero in SHUTDOWN mode. Driver outputs are in a 
high impedance state when V + and V - = OV. 


Vcc (Pin 18): 5V power for receivers. 


GND (Pin 10): Ground pin. 


TR IN (Pins 11, 13, 15): RS232 driver input pins. Inputs are 
TILiCMOS 
compatible. 
Inputs should 
not be allowed 
to 
float. Tie unused inputs to Vcc. 


TR OUT (Pins 4, 6, 8): Driver outputs 
with RS232 voltage 
levels. Outputs are in a high impedance 
state when in the 
SHUTDOWN 
mode 
or 
when 
power 
is 
off 
(V + 
and 
V - = OV) to allow 
data 
line sharing. 
Outputs 
are fully 
short circuit 
protected 
from V - 
+ 30V to V + - 30V with 
power on, off, or in the SHUTDOWN mode. Typical output 
breakdowns 
are greater 
than 
± 45V and higher 
applied 
voltages 
will not damage the device if moderately 
current 
limited. 


REC IN (Pins 3, 5, 7): Receiver input pins. Accepts 
RS232 
voltage levels (± 30V) and has O.4Vof hysteresis to provide 
noise immunity. 
Input impedance 
is nominally 
30kO. 


REC OUT (Pins 12, 14, 16): Receiver outputs 
with TIll 
CMOS voltage 
levels. Outputs 
are in a high impedance 
state when in the SHUTDOWN 
mode to allow data line 
sharing. Outputs are fully short circuit protected to ground 
or Vcc with power on, off, or in the SHUTDOWN mode. 


ON·OFF 
(Pin 17): Controls 
the operation 
mode 
of the 
LT1039 and is TILiCMOS 
compatible. 
A logic low puts the 
device in the SHUTDOWN mode which reduces input sup· 
ply current to zero and places both driver and receiver out· 
puts in a high impedance state. 


BIAS (Pin 2): Keeps receiver 1 on while the LT1039 is in the 
SHUTDOWN mode. Leave BIAS pin open when not in use. 
See Appl ication Hints for proper use. 


TYPICAL PERFORmAnCE 
CHARACTERISTICS 
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40 


35 


30 
125 


~ 
20 


~ 
15 


~ 
10 


Receiver Output Short 
Circuit Current 
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The driver output stage of the LT1039 offers significantly 
improved protection 
over older bipolar and CMOS designs. 
In addition 
to current limiting, 
the driver output can be ex- 
ternally forced to ± 30Y with no damage or excessive cur· 
rent flow, and will not disrupt the supplies. Some drivers 
have diodes connected 
between the outputs and the sup- 
plies, so externally 
applied voltages can cause excessive 
supply voltage to develop. 


Placing the LT1039 in the SHUTDOWN mode (Pin 17 low) 
puts 
both 
the 
driver 
and 
receiver 
outputs 
in a high 


~Jl30V 


~AN 
-30V 
BE FORCEO 
EXTERNAllY 


V+ 
-v+ 


WITH SOME DRIVERS, 
EXTERNAllY 
APPLIED 
VOLTAGE CAN FORCE 
THE SUPPLIES 


V- 


RS232 
TRANSMISSION 
LINE 


ON-OFF 


(CHANNEL 


SELECT) 


INPUT 


impedance 
state. 
This 
allows 
data 
line 
sharing 
and 
transceiver 
applications. 


The SHUTDOWN 
mode also drops 
all supply 
currents 
(Yee, Y+ , Y-) to zero for power-conscious 
systems. 


When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other active re- 
ceiver on the line, a 51k resistor can be placed from the 
logic input to Yee to force a definite 
logic level when the 
receiver output is in a high impedance state. 


Sharing a Receiver Line 
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To protect against receiver input overloads in excess of 
± 30V,a voltage clamp can be placed on the data line and 
still maintain RS232compatibility. 


The receiver input impedance of the LT1039is nominally 
30kn. For applications requiring a 5kn input impedance, a 
5.6kn resistor can be connected from the receiver input to 
ground. 


Driver inputs should not be allowed to float. Any unused 
inputs should betied to Vcc. 
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The bias pin is used to "keep alive" one receiver while in 
the SHUTDOWN mode (all other circuitry being inactive). 
This allows a system to be in SHUTDOWN and still have 
one active receiver for transferring data. It can also be 
used to make an RS232compatible SHUTDOWN control 
line. Driving the bias pin low through a resistance of 24kn 
to 30kn keeps the receiver active. Do not drive the bias pin 
directly from a logic output without the series resistor. An 
unused bias pin should be left open. 


Keeping Alive One 
Receiver while in 
SHUTDOWN 


RS232 Compatible 
SHUTDOWN Control Line 
III 


RS232 
SHUTDOWN 
INPUT 


PACKAGE DESCRIPTion 
Dimensions 
in inches 
(millimeters) 
unless 
otherwise 
noted. 
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• 
Efficiently 
Translate Voltage Levels 
• 
Internal Hysteresis 
for Noise Immunity 
• 
Output Latches Included 
• 
Three-State Outputs 
• 
Programmable 
Power/Speed 
• 
Power can be Completely 
Shut Off 
• 
± 50V on Inputs with External100kO 
Limit Resistor 


• 
1.2JLs Response at 100JLASupply Current 


• 
TTLiCMOS 
to ± 5V Analog Switch Drive 
• 
TTL to CMOS (3V to 15V Vcc) 
• 
ECLto CMOS (3V to 15V Vcc) 
• 
Ground Isolation 
Buffer 
• 
Low Power RS232 Line Receiver 


LTC1045 


Programmable 
Micropower 
Hex 
Translator / Receiver / Driver 


The LTC1045 is a hex level translator 
manufactured 
using 
Linear 
Technology's 
enhanced 
LTCMOS™ 
silicon 
gate 
process. 
It consists 
of six high speed comparators 
with 
output 
latches 
and three-state 
capability. 
Each compara- 


tor's 
plus input 
is brought 
out separately. 
The minus 
in- 
puts of comparators 
1-4 are tied to VTRIP1and 5-6 are tied 


to VTRIP2. 


The ISETpin has several functions. 
When taken to V + the 
outputs 
are latched 
and power 
is completely 
shut 
off. 
Power/speed 
can be programmed 
by connecting 
ISH to 
V - through an external resistor. 


XMT OUT 
) 


66 FT FLAT RIBBON CABLE 
( 


RCV IN 


Zo=1500 
r) 
(~ 


1500 
ADJACENT 
CONDUCTORS 


O.5V 


ABSOLUTE mAXimum 
RATinGS 


(Notes 1 and 2) 


Total Supply Voltage 01+, VOHto V - , YOU 
18V 
Output High Voltage (VOH) 
:5V + 
Input Voltage 
18V to V - - 0.3V 
Operating Temperature Range 
LTC1045C 
- 40°C to 85°C 
LTC1045M 
- 55°C to 125°C 
Storage Temperature Range 
- 55°C to 150°C 
Lead Temperature (Soldering, 10sec) 
300°C 
Output Short Circuit Duration 
010H- VOL:510V) 
Continuous 
ESD (MIL·STD·883, Method 3015.1) 
2000V 


ORDER PART 
NUMBER 


LTC1045MJ 
LTC1045CJ 
LTC1045CN 


ELECTRICAL CHARACTERISTICS 
(Note 3) Y+ = YOH = 5Y, Y- 
= VOL =OY, TA =25°C 
unless otherwise 
specified. 


LTC1045M 
LTC1045C 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Ie 
Input Bias Current 
V- "VIN"V+ 
±1 
±1 
nA 
• 
1.0 
0.5 
pA 


Trip Voltage Range 
• 
V 
V+ -2 
V- 
V+ -2 
V 
(Pin 8 and Pin 9) 


Is 
V+toV 
Supply Current 
DISABLE = V+, RSET=10k 
2.5 
3.5 
2.5 
3.5 
mA 
• 
5.0 
4.5 
mA 


10FF 
V+ toY 
Supply Current 
DISABLE = ISET= V+ 
10 
10 
nA 
in Shutdown 
• 
5 
1 
pA 


VREF 
Voltage on ISET(Pin12) 
RSET=10k 
0.9 
0.9 
V 
• 
0.5 
1.4 
0.6 
1.25 
V 


VOH 
TTL Output High Voltage 
lOUT= - 360pA, V + = 4.5V • 
2.4 
4.4 
2.4 
4.4 
V 


VOL 
TTL Output Low Voltage 
lour = 1.6mA, V + = 4.5V 
• 
0.2 
0.4 
0.2 
0.4 
V 


ISINK 
Output Short Circuit 
V1N= VTRr-l00mV, 
8.5 
15 
7.5 
15 
mA 
Sink Current 
VOUT=V 
• 
5.5 
5.5 
mA 


ISOURCE Output Short Circuit 
V1N= VTR1P+ 1oomV, 
4.5 
8.0 
4.0 
8.0 
mA 
Source Current 
Vour=V- 
• 
3.2 
3.2 
mA 


loz 
Three-State Leakage 
DISABLE=V+ 
0.005 
0.005 
pA 
Current 
VOL" Vour" VOH 
• 
1 
1 
pA 


ROH 
Output Resistance to VOH 
lIouTI,,100pA 
260 
400 
260 
475 
0 
• 
600 
600 
0 


Rol 
Output Resistance to VOL 
II0url,,100pA 
100 
150 
100 
180 
0 
• 
250 
250 
0 


ISETVoltage for Shutdown 
• 
V+ -0.5 
V+ - 0.5 
V 


DISABLE Input Logic 
V1H 
Levels 
V+ =4.5V, V- =OV 
• 
2.0 
2.0 
V 
V1l 
V+ =5.5V, V- =OV 
• 
0.8 
0.8 
V 


Input Supply Differential 
• 
4.5 
15 
4.5 
15 
V 
(V+ - V-)(Note 
3) 


Output Supply Differential 
• 
3 
15 
3 
15 
V 
(VOH- Vou(Note 3) 


AC ELECTRICAL CHARACTERISTICS 
v+ = VOH = 5V, v- = VOL =OV, TA = 25°C unless otherwise 
specified. 


LTC1045M 
LTC1045C 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


td 
Response Time 
Test Circuit Figure 1 
200 
250 
ns 
RSET=10k, ± 100mV Drive 
• 
350 
350 
ns 


tSETuP 
Time Before Rising Edge of ISETthat 
Test Circuit Figure 2 
80 
80 
ns 
Data Must be Present 


tHOLD 
Time After Rising Edge of ISETthat 
Test Circuit Figure 2 
0 
0 
ns 
Data Must be Present 


tACC 
Falling Edge of DISABLE to Logic 
Test Circuit Figure 3 
165 
165 
ns 
Level (from Hi·Z State) 


t,H,tOH 
Rising Edge of DISABLE to Hi·Z 
Test Circuit Figure 3 
200 
200 
ns 
State 


The. 
denotes the specifications 
which apply over the full operating 
temperature range. 
Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 
Note 2: The maximum differential voltage between any two power pins 
(V+, V-, VOHand VoLl must not exceed 18V.The maximum recommended 
operating differential 
is 15V. 


Note 3: During operation near the maximum supply voltage limit, care 
should be taken to avoid or suppress power supply turn·on and turn·off 
transients, power supply ripple, or ground noise; any of these conditions 
must not cause a supply differential to exceed the absolute maximum 
rating. 


'rs1Ons 


tlH 


5V 


DISABLE 
J0r 


OV 


OUTPUT 
II:~ 
- 
IOpF 
10k 
5V 


OISA:LE 
VOl. 


OUTPUTS 


-5V 


tr:slOns 


~ 


DISABLE 


":" 
OUTPUT 
l~r 
III 


v+ 
1{)pF 
5V 


DISABLE 
T 


OUTPUTS 


-5V 
10% 


{ 


13V 


VIN 
12V- 


11V 
10% 
10% 
.""[,:~'fmj,c 


VIN{1~:,~~ 
_ 


-lOOmV 


'HOLD 
'SETUP 


{ 


5V 


'SET 


DV 


tACC 


~DUTPUT 


D'SABLE~ 
T5Op' 


{ 


5V 


'SET 


DV 


OUTPUTS 5V 
~~_:-- 


-5V-----~ 


Figure 3. Three·State 
Output 
Test Circuit, 
Conditions: 
V + = 5V, V - = OV,VOH = 5V, VOL = OV 
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Pin DESCRIPTion 


Pin 
Name 
Description 
Pin 
Name 
Description 


1 
YOH 
High level to which the output 
11 
VOL 
Comparator 
negative supply 
switches 
12 
ISET 
This pin has three functions 
2-7 
INPUT 
Six comparator 
inputs; voltage 
1) RSETfrom this pin to Y - sets bias 
range = Y- 
to Y- + 18Y 
current 


8 
YTRIP2 
Trip point for first four comparators 
2) When forced to Y + power is shut 


(inputs 1-4); voltage range = Y- 
to 
off completely 
Y+ -2Y 
3) When forced to Y + outputs are 


9 
YTRIP1 
Trip point for last two comparators 
latched 


(inputs 5-6); voltage range = Y- 
to 
13 
DISABLE 
When high outputs are Hi-Z 
Y+ -2Y 
14-19 
OUTPUT 
Six driver outputs 
10 
Y- 
Low level to which the output switches 
20 
V+ 
Comparator 
positive supply 


V+ =5V 


RSfT=1M 


- 


J 
.l 


~SfT=10kF-I-. - 


The LTC1045 consists of six voltage translators 
and asso- 
ciated control circuitry, 
see Block Diagram. Each transla· 


tor has a linear comparator 
input stage with the positive 
input brought out separately. 
The negative inputs of the 
first four comparators 
are tied in common to YTRIP1and 
the negative inputs of the last two comparators 
are tied in 
common to YTRIP2.With these inputs the switching 
point 
of the comparators 
can be set anywhere within the com· 
mon·mode 
range of Y- 
to Y+ -2Y. 
To improve 
noise 
immunity each comparator 
has a small built-in hysteresis. 


Hysteresis 
varies with bias current from 7mY at low bias 
current to 20mY at high bias current (see typical curve of 
Hysteresis vs RSET). 


Setting the Bias Current 


Unlike CMOS logic, any linear CMOS circuit 
must draw 
some quiescent 
current. 
The bias generator 
(Block Dia- 
gram) allows the quiescent 
current of the comparators 
to 
be varied. Bias current is programmed with an external reo 
sistor (see typical curve of 1+ vs RSET).As the bias current 
is decreased, the LTC1045 slows down (see typical curve 
of Delay Time vs RSET). 


Shutting Power Off and Latching the Outputs 


In addition 
to setting 
the bias current, the ISETpin shuts 
power completely 
off and latches the translator 
outputs. 
To do this, the ISETpin must be forced to Y+ - 0.5Y. As 
shown in Figure 4, a CMOS gate or a TIL gate with a resis· 
tor pull-up does this quite nicely. Even though 
power is 


turned off to the linear circuitry, 
the CMOS output logic is 
powered and maintains 
the output state. With no DC load 
on the output, 
power dissipation, 
for all practical 
pur· 
poses, is zero. 


Latching the output is fast-typically 
80ns from the rising 
edge of ISET.Going from the latched to flow through state 
is much slower-typically 
1.5JLsfrom the falling 
edge of 
ISET.This time is set by the comparator's 
power up time. 
During the power up time, the output 
can assume false 
states. To avoid problems, 
the output 
should not be con· 
sidered valid until 2JLsto 5JLsafter the falling edge of ISET. 


Putting the Outputs in Hi·Z State 


A DISABLE input sets the six outputs to a high impedance 
state. This allows the LTC1045 to be interfaced 
to a data 
bus. When DISABLE = "1" the outputs are high impedance 
and when DISABLE = "0" they are active. With TIL 
sup- 
plies, Y + = 4.5Y to 5.5Y and Y - = GND, the DISABLE input 
is TIL compatible. 


Power Supplies 


There are four power supplies 
on the LTC1045: Y+, Y-, 


YOH and VOL. They can be connected 
almost 
arbitrarily, 


but there are a few restrictions. 
A minimum 
differential 
must exist between Y+ and Y- and YOHand VOL.The Y+ 
to Y- differential 
must be at least 4.5Y and the YOHto VOL 
differential 
must be at least 3.0Y. Another 
restriction 
is 
caused by the internal 
parasitic 
diode D1 (see Figure 5). 


APPLICATions InFoRmATion 


Because of this diode, YOH must not be greater than Y+. 
Lastly the maximum 
voltage between any two power sup- 


ply pins must not exceed 15Y operating 
or 18Y absolute 
maximum. 
For example, 
if Y+ =5Y, Y- 
or VOL should be 
no more negative than -10Y. 
Note that VOL should not be 
more negative than -10Y 
even if the YOH to VOL differen- 
tial does not exceed the 15Y maximum. 
In this case the Y+ 
to VOLdifferential 
sets the limit. 


Input Voltage 


The LTC1045 has no upper clamp diodes as do convention- 
al CMOS circuits. 
This allows the inputs to exceed the Y+ 
supply. 
The inputs 
will 
break down 
approximately 
30Y 
above the Y- 
supply. 
If the input current 
is limited 
with 
100kO, the input voltage 
can be driven to at least 
± 50Y 
with 
no adverse effects 
for any combination 
of allowed 


Figure 6. Relative Output Sourcing 
Resistance (ROH) vs V+ - VOH 


power supply voltages. 
Output 
levels will be correct 
even 
under these conditions 
(Le., if the input voltage 
is above 
the trip point, the output will be high and if it is below, the 
output will be low). 


Output Drive 


Output drive characteristics 
of the LTC1045 will vary with 
the 
power 
supply 
voltages 
that 
are 
chosen. 
Output 
impedance 
is affected 
by Y+, YOH and VOL. Y- 
has no ef· 
feet on output 
impedance. 
Guaranteed 
drive characteris- 
tics are specified 
in the table of electrical 
characteristics 
for Y+ =YoH=5Y 
and Y- =YOl=OY. 
Figures 
6 and 7 
show relative output impedance 
for other supply combina· 
tions. In general, output 
impedance 
is minimized 
if Y+ to 
YOHis minimized 
and YOHto VOLis maximized. 
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• Absolutely No Latchup 
• CMOS Comparable Low Power - 60mW 
• Superior to CMOS 
-Improved Speed - Operates Over64K Baud 
-Improved Protection - Outputs Can be Forced 
to ± 30VWithout Damage 
- Three-State Outputs are High Impedance When Off 
- Only Needs 11lFCapacitors 
• Can Power Additional RS232Drivers -10mA 
• 11lASupply Current in Shutdown 
• Available in SO Package 
• Available With or Without Shutdown 


• Portable Computers 
• Battery Powered RS232Systems 
• PowerSupply Generator 
• Terminals 
• Modems 


LT1080/LT1081 


Advanced 
Low Power 
5V RS232 Dual DriverIReceiver 


The LT1080 and LT1081 are the only dual RS232 driver/ 
receiver with charge pump to guarantee absolutely no 
latchup. These interface optimized devices provide a real· 
istic balance between CMOS levels of power dissipation 
and real world requirements for ruggedness. The driver 
outputs are fUlly protected against overload and can be 
shorted to ±30V. Unlike CMOS,the advanced architecture 
of the LT1080/LT1081does not load the signal line when 
"shut down" or when power is off. Both the receiver and 
RS232 outputs are put into a high impedance state. An 
advanced output stage allows driving higher capacitive 
loads at higher speeds with exceptional 
ruggedness 
against ESD. 


For applications requiring up to 5 drivers and 5 receivers 
with charge pump in one package see the LT1130Series 
data sheet. A version of the LT1080/81,the LT1180 and 
LT1181which use only O.1IlFcapacitors is also available. 
All of Linear Technology's RS232 IC's are available in 
standard surface mount packages. 
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OUTPUT CURRENT (mAl 


ABSOLUTE mAXimum 
RATinGS 


Supply Voltage 
(Vee) 
, 
6V 


V+ 
12V 


V- 
-12V 
Input Voltage 


Driver. 
V - to V + 


Receiver 
- 30V to 30V 
On·Off Pin 
GND to 12V 
Output 
Voltage 
Driver 
V - + 30V to V + - 30V 
Receiver. 
- 0.3V to Vee + 0.3V 
Short Circuit 
Duration 
V + 
30 Seconds 
V - 
30 Seconds 
Driver Output. 
Indefinite 
Receiver Output. 
Indefinite 
Operating 
Temperature 
Range 
LT1080M/LT1081M 
-55°Cto 
125°C 
LT10801/LT10811 
, 
- 40°C to 85°C 
LT1080C/LT1081C 
OOCto 70°C 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


ORDER PART 
NUMBER 


LT1080MJ 
LT1080lJ 
LT1080lN 
LT1080CJ 
LT1080CN 
LT1080CS 
J PACKAGE 
N PACKAGE 


18-LEAD CERAMIC DIP 
S PACKAGE 
18·LEAD PLASTIC DIP 


18-LEAD PLASTIC 
SOL 


TOP VIEW 


LT1081MJ 
LT10811J 
LT10811N 
LT1081CJ 
LT1081CN 
LT1081CS 


J PACKAGE 
N PACKAGE 


l&lEAO 
CERAMIC DIP 
S PACKAGE 
16·lEAO 
PlASTIC 
DIP 


16-LEAD PlA$TlC 
SOL 


ELECTRICAL CHARACTERISTICS (Note 1) 


PARAMETER 
I 
CONDITIONS 


Driver 


Output Voltage Swing 
Load = 3k to GND 
I 


Positive 
• 
50 
7.3 
V 


Both Outputs. 
Negative 
• 
-5.0 
-6.5 
V 


Logic Input Voltage 
Input Low Level (VOUT=High) 
• 
1.4 
08 
V 


Level 
Input High Level (VOUT=Low) 
• 
2.0 
1.4 
V 


Logic Input Current 
VIN"2.0V 
• 
5 
20 
~A 
V1NsO.8V 
• 
5 
20 
~A 


Output Short Circuit 
Sourcing Current, VOUT= OV 
7 
12 
mA 


Current 
Sinking Current, VOUT= OV 
-7 
-12 
mA 


Output Leakage Current 
SHUTDOWN (Note 2),VOUT=±30V 
• 
10 
100 
~A 


Slew Rate 
RL = 3kl1,CL = 51pF 
4 
15 
30 
Vf~s 


Input Voltage Thresholds 
Input Low Threshold, Ln080C, LT1081C 
• 
0.8 
1.3 
V 
Ln0801, MILn0811, M 
• 
0.2 
1.3 
V 


Input High Threshold, Ln080C/L n081C 
• 
1.7 
2.4 
V 


LT10801,MILn0811, M 
• 
1.7 
3.0 
V 


Hysteresis 
• 
0.1 
0.4 
1.0 
V 


Input Resistance 
3 
5 
7 
kl1 


Output Voltage 
Output Low, lOUT= -1.6mA 
• 
0.2 
0.4 
V 
Output High, 10UT=160~A(Vcc= 5V) 
• 
3.5 
4.8 
V 


Output Short Circuit 
Sinking Current, VOUT= Vcc 
-10 
-20 
mA 
Current 
Sourcing Current, VOUT=OV 
0.6 
1 
mA 


Output Leakage Current 
SHUTDOWN (Note 2),OVSVOUTSVCC 
• 
1 
10 
~A 


ELECTRICAL 
CHARACTERISTICS 
(Note 1) 


PARAMETER 
1__ 
CO_N_D_ITI_0N_S 
MI_N 
TY_P__ 
MA_X 
UN_IT_S 


Power Supply Generator (Note 3) 
v + Output Voltage 
10UT=OmA 
8 
9 
V 
lOUT= 10mA 
7 
8 
V 
10UF 15mA 
6.5 
7.5 
V 


V - Output Voltage 
IOUFOmA 
- 7.5 
-85 
V 
10UT=-10mA 
-55 
-6.5 
V 


10UT=-15mA 
-5 
-6 
V 


Supply Current 
• 
12 
22 
mA 


Supply Leakage Current (Vccl 
SHUTDOWN (Note 2) 
(LT1080 Only) 
• 
1 
100 
~A 


On·Off Pin Current 
OV"VON.6fF" 5V 
(LT1080 Only) 
• 
-15 
80 
~A 


Supply Rise Time 
(Note4) 
(LT1080 Only) 
1 
ms 


The. 
denotes specifications 
which apply over the operating temperature 


range (OOC"TA,,70°C 
for commercial grade, - 40°C"TA,,85°C 
for indus· 


trial grade or - 55°C"T A" 125°C for military grade devices). 


Note1: These parameters apply for 4.5V" Vcc" 5.5V and VON.6fF= 3V, 
unless otherwise specified. 


Pin FunCTions 
(Pin numbers refer to LT1oao) 


Vcc (Pin 17): Input supply pin. Supply current drops to zero 
in the SHUTDOWN mode. 


GND (Pin 16): Ground pin. 


On·Off (Pin 18): Controls the operation 
mode of the LT1080 
and is TTLiCMOS 
compatible. 
A logic low puts the device 
in the SHUTDOWN mode which reduces input supply cur· 
rent to zero and places both driver and receiver outputs 
in a high impedance 
state. A logic high fully enables the 
device. 


V+(Pin 
3): Positive 
supply 
for 
RS232 drivers. 
V+:::: 


2Vcc -1.5V. 
Requires 
an external 
capacitor 
(~1,.F) 
for 
charge storage. May be loaded (up to 15mA) for external 
system 
use. 
Loading 
does 
reduce 
V + 
voltage 
(see 
graphs). Capacitor 
may be tied to ground or + 5V input 
supply. With multiple 
transceiver, 
the V + and V - 
pins 
may be paralleled into common capacitors. 


V - 
(Pin 7): 
Negative 
supply 
for RS232 drivers. V - :::: 


- (2Vcc - 2.5V). Requires an external capacitor 
(~1,.F) for 
charge storage. May be loaded (up to -15mA) 
for external 
system 
use. 
Loading 
does 
reduce 
V - 
voltage 
(see 
graphs). With multiple 
transceiver, 
the V + and V - 
pins 
may be paralleled into common capacitors. 


TR1IN; TR21N (Pins 12, 11): RS232 driver input pins. Inputs 
are TTLiCMOS 
compatible. 
Inputs should not be allowed 
to float. Tie unused inputs to Vcc. 


Note 2: VON.OFF= O.4Vfor - 55°C" TA" 100°C, and VON.OFF= 0.2V for 
100°C"T 
A" 125°C. (LT1080 only) 


Note 3: Unless otherwise specified, Vcc = 5V, external loading of V + and 
V - equals zero and the driver outputs are low (inputs high). 
Note 4: Time from either SHUTDOWN high or power on until V + ~6V and 
V - " - 6V. All external capacitors are 1~F. 


TR1 OUT; TR2 OUT (Pins 15,8): Driver outputs with RS232 
voltage 
levels. Outputs 
are in a high 
impedance 
state 
when 
in the SHUTDOWN 
mode or when 
power 
is off 
(Vcc = OV) to allow data line sharing. 
Outputs 
are fully 
short circuit 
protected 
from V - 
+ 30V to V + 
- 30V with 
power on, off, or in the SHUTDOWN mode. Typical output 
breakdowns 
are greater 
than 
± 45V and higher applied 
voltages will not damage the device if moderately 
current 
limited. 
Shorting 
one output 
will affect 
output 
from the 
other. 


REC1 IN; REC2 IN (Pins 14, 9): Receiver inputs. Accepts 
RS232 voltage levels (± 30V) and has O.4Vof hysteresis 
to 
provide 
noise 
immunity. 
Input 
impedance 
is nominally 
5kn. 


REC1 OUT; REC2 OUT (Pins 13, 10): Receiver outputs with 
TTLiCMOS 
voltage 
levels. 
Outputs 
are 
in 
a 
high 
impedance 
state when in the SHUTDOWN mode to allow 
data line sharing. Outputs are fully short circuit 
protected 
to ground or Vcc with power on, off, or in the SHUTDOWN 
mode. 


C1 +; C1 -; 
C2 +; C2 - 
(Pins 2, 4, 5, 6): Requires an ex· 
ternal capacitor 
(~1,.F) from C1 + to C1- 
and another 
from C2 + to C2 -. 
Pin 2 can be used for connecting 
a 
second positive supply. When a separate positive 
supply 
is used, C1 can be deleted. 


Driver Output Voltage 
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Supply Generation 
from Vcc 
or Shutdown 
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Receiver Output Short 
Circuit Current 


OUTPUT SINKING= 
~ 


OUTPUT SOURCING 


-6 


-8 


-10 


o 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 


TIME (ms) 


0.1 
-55 
-25 
0 
25 
50 
75 
100 
125 
TEMPERATURE (OC) 


F~CC 5V 


, 


/ 


40 


35 


30 


~ 
25 


>- 
20 
z 
w 
'" 
15 
'" 
=>'-' 
>- 
10 


=>~ 
;;; 


-5 


/ 
/ 
/ 


/ 


I\. 


~ 
100 
>-z 
w 
'"'" 
=>'-'i 10 
=> 
<n 


, 


-55 
-25 
0 
25 
50 
75 
100 
125 


TEMPERATURE (OC) 


Driver Output Leakage 
in Shutdown 
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Shutdown to Receiver 
Output Waveforms 
Shutdown to Driver Output 
Output 
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TYPICAL APPLICATiOn 


Supporting an LT1039(Triple Driver/Receiver) 


SHUTDOWN 


5V 


Vcc 


17 
18 
Vcc 


TIL 
INPUT 
RS232 OUT 
TIL 
INPUT 
RS232 OUT 


TIL 
INPUT 
RS232 OUT 
TIL 
INPUT 
RS232 OUT 


TIL 
INPUT 
RS232 OUT 


TIL 
OUT 
RS232 IN 
TIL 
OUT 
RS232 IN 


TILOUT 
RS232IN 
TIL 
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RS232 IN • 
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1.F 


GND 
V- 
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GND 


16 
1.F 
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·IN APPLICATIONS WHERE A SEPARATE SECOND POSITIVE SUPPLY IS AVAlLA8LE (SUCH AS + 5V 
AND + 12V), THE + 12V SUPPLY MAY 8E CONNECTED TO PIN 2 AND C1 DELETED. THE POWER 
SUPPLY CIRCUITRY WILL THEN INVERTTHE 
+ 12V SUPPLY. THE +5V 
SUPPLY IS STILL NEEDED 
TO POWER THE 81ASING CIRCUITRY AND RECEIVERS. 


The driver output 
stage of the LT1080 offers significantly 
improved protection 
over older bipolar and CMOS designs. 


In addition 
to current 
limiting, 
the driver output can be ex· 


ternally 
forced to ± 30V with no damage or excessive 
cur· 
rent flow, and will not disrupt 
the supplies. 
Some drivers 
have diodes connected 
between the outputs 
and the sup- 
plies, so externally 
applied voltages 
can cause excessive 
supply voltage to develop. 


~~ 
Jl30V 


~AN 
-30V 


BE FORCED 
EXTERNALLY 


V+ 
-t>+ 


WITH SOME DRIVERS. 
EXTERNALLY APPLIED 
VOLTAGE CAN FORCE 
THE SUPPLIES 


V- 


ON-OFF 


(CHANNEL 
SELECT) 
INPUT 


Placing the LT1080 in the SHUTDOWN 
mode (Pin 18 low) 
puts 
both 
the 
driver 
and 
receiver 
outputs 
in a high 
impedance 
state. 
This 
allows 
data 
line 
sharing 
and 
transceiver 
applications. 


The SHUTDOWN 
mode also drops 
input 
supply 
current 
(Vcc; Pin 17)to zero for power·conscious 
systems. 


LOGIC 
TRANSMIT IRECEIVE 
LINE 


ON-OFF 


(TRANSMITI 


RECEIVE) 
INPUT 


ON-OFF 


(CHANNEL 
SELECT) 


INPUT 


RS232 
TRANSMIT IRECEIVE 
LINE 


RS232 
TRANSMISSION 
LINE 


When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other .active reo 
ceiver on the line, a 51k resistor can be placed from the 
logic input to Vcc to force a definite logic level when the 
receiver output is in a high impedance state. 


To protect against receiver input overloads in excess of 
± 30V, a voltage clamp can be placed on the data line and 
still maintain RS232compatibility. 


"A PTC THERMISTOR 
WILL 
ALLOW 
CONTINUOUS 
OYERLOAD 


OF GREATER THAN 
± 'OOY 
'=' 
'=' 


The generated driver supplies ry + and V -) may be used 
to power external circuitry such as other RS232drivers or 
op amps. They should be loaded with care, since exces- 
sive loading can cause the generated supply voltages to 
drop causing the RS232driver output voltages to fall be· 
low RS232requirements. Seethe graph "Supply Generator 
Outputs" for a comparison of generated supply voltage 
versus supply current. 
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• Operates on Single 5V Power Supply 
• Generates 
± 9V Supplies with Only 1JlFCapacitors 
• 
Fully Protected Against Output Overloads 
• RS232 Outputs can be Forced ± 30V without 
Damage 
• Three-state Outputs are High Impedance when Off 
• 
Bipolar Circuitry; 
No Latch Up 
• 
± 30V Receiver Input Range 
• Can Power Additional 
RS232 Drivers such as LT1039 
• 
No Supply Current in Shutdown 
• 
Meets All RS232 Specifications 
• 
16 Pin Version without Shutdown Available 


• RS232 Interface 
• Battery Powered Systems 
• Power Supply Generator 
• Terminals 
• 
Modems 


LT1080CS/LT1081 
CS 


5V Powered 
RS232 DriverI 
Receiver with Shutdown 


DESCRIPTiOn 


The LT1080 is a dual RS232 driver/receiver 
which includes 
a capacitive 
voltage 
generator 
to supply 
RS232 voltage 
levels from a single 5V supply. Each receiver will accept 
up to ± 30V input and can drive either TIL or CMOS logic. 
The RS232 drivers accept 
logic inputs and output 
RS232 
voltage 
levels. 
The driver 
outputs 
are fully 
protected 
against 
overload 
and can be shorted 
to ground or up to 
± 30V without 
damage. Additionally, 
when the system is 
in the SHUTDOWN mode the driver and receiver outputs 
are at a high impedance 
allowing 
data line sharing. 
Bipo- 
lar 
circuitry 
makes 
this 
driver/receiver 
exceptionally 
rugged against overloads or ESD damage. 


The power supply generator 
doubles the 5V input supply 
to obtain 9V, and then inverts the 9V to obtain 
- 8.5V. Up 
to 15mA of external current is available to power additonal 
RS232 drivers or other external circuitry. 
The SHUTDOWN 
mode disables 
the supply 
generators 
and reduces 
input 
supply current to zero. A version of the LT1080, the LT1081, 
is available without shutdown for 16 pin applications. 


TYPICAL APPLICATiOn 
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OUTPUT CURRENT (mA) 


..L7YO~ 
10-51 


Supply Voltage (Vecl 
6V 
V+ 
12V 
V- 
-12V 
Input Voltage 
Driver 
V- 
to V+ 
Receiver 
- 30V to 30V 
On-Off Pin 
GND to 12V 
Output Voltage 
Driver 
V - + 30V to V + - 30V 
Receiver. 
- 0.3V to Vec + 0.3V 
Short Circuit 
Duration 
V + 
30 Seconds 
V - 
30 Seconds 
Driver Output. 
Indefinite 
Receiver Output. 
Indefinite 
Operating 
Temperature 
Range 
LT1080C 
O°C to lO°C 
Guaranteed 
Functional 
- 25°C to 85°C 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


ORDER PART 
NUMBER 


LT1080CS 


PART MARKING 


LT1080CS 


ORDER PART 
NUMBER 


LT1081CS 


PART MARKING 


LT1081CS 


PARAMETER 


Driver 


Output 
Voltage 
Swing 
Load =3k 
to GND 


I 


Positive 
• 
5.0 
7.3 
V 
Both Outputs. 
Negative 
• 
-5.0 
-6.5 
V 


Logic 
Input Voltage 
Input Low Level (Vour= 
High) 
• 
1.4 
0.8 
V 


Level 
Input High Level (Vour= 
Low) 
• 
2.0 
1.4 
V 


Logic 
Input Current 
V1N2:2.0V 
• 
5 
20 
~A 
V1N :s0.8V 
• 
5 
20 
~A 


Output 
Short Circuit 
Sourcing 
Current, 
Your = OV 
7 
12 
mA 


Current 
Sinking 
Current, 
Your = OV 
-7 
-12 
mA 


Output 
Leakage 
Current 
SHUTDOWN 
(Note 2), Your = ± 30V 
• 
10 
100 
~A 


Slew Rate 
RL =3kG, CL =51pF 
4 
15 
30 
V/~s 


Input Voltage 
Thresholds 
Input 
Low Threshold, 
(Vour = High) 
• 
0.2 
1.3 
V 
Input High Threshold, 
(Vour = Low) 
• 
1.7 
3.0 
V 


Hysteresis 
• 
0.1 
0.4 
1.0 
V 


Input 
Resistance 
3 
5 
7 
kG 


Output 
Voltage 
Output 
Low, lour = - 1.6mA 
• 
0.2 
0.4 
V 


Output 
High, lour= 
160~A (Vcc= 
5V) 
• 
3.5 
4.8 
V 


Output 
Short Circuit 
Sinking 
Current, 
Vour = Vcc 
-10 
-20 
mA 
Current 
Sourcing 
Current, 
Vour=OV 
0.6 
1 
mA 


Output 
Leakage 
Current 
SHUTDOWN 
(Note 2), OV:sVour:SVcc 
• 
1 
10 
~A 


PARAMETER 


Power Supply Generator (Note 3) 
v + Output Voltage 
10UT=OmA 
8 
9 
V 
lOUT= 10mA 
7 
8 
V 
lOUT= 15mA 
6.5 
7.5 
V 


V 
Output Voltage 
10UT=OmA 
-7.5 
-8.5 
V 
10UT=-10mA 
-5.5 
-6.5 
V 
lOUT= -15mA 
-5 
-6 
V 


Supply Current 
• 
10 
22 
mA 


Supply Leakage Current (Vccl 
SHUTDOWN (Note 2) 
(LT1080 Only) 
• 
1 
100 
p.A 


On·Off Pin Current 
OV$ VON'OFF$ 5V 
(Ln 080 OnIy) 
• 
-15 
80 
~A 


Supply Rise Time 
(Note 4) 
1 
ms 


The. 
denotes specifications 
which apply over the operating temperature 
range (OOC$TA$70°C).The 
Ln080/L n081 
is guaranteed functional 
by de· 


sign for -25°C$TA$85°C. 


Note 1: These parameters apply for 4.5V $ Vcc $ 5.5V and VON-OFF= 3V, 
unless otherwise specified. 


Note 2: VON.OFF= 0.4V. (LT1080 only) 
Note 3: Unless otherwise specified, Vcc = 5V, external loading of V + and 
V - equals zero and the driver outputs are low (inputs high). 
Note 4: Time from either SHUTDOWN high (Ln080 
only) or power on until 
V + ~6V and V - $ - 6V. All external capacitors are l~F. 


Vcc (Pin 17): Input supply pin. Supply current drops to zero 
in the SHUTDOWN mode. 


GND (Pin 16): Ground pin. 


On·Off (Pin 18): Controls the operation 
mode of the LT1080 
and is TIL fCMOS compatible. 
A logic low puts the device 
in the SHUTDOWN mode which reduces input supply cur· 
rent to zero and places both driver and receiver outputs 
in a high impedance 
state. A logic high fully enables the 
device. 


V +(Pin 
3): Positive 
supply 
for 
RS232 drivers. 
V + ::: 


2Vcc -1.5V. 
Requires 
an external 
capacitor 
(~1JLF) for 
charge storage. 
May be loaded (up to 15mA) for external 
system 
use. 
Loading 
does 
reduce 
V + 
voltage 
(see 
graphs.) 


V - 
(Pin 7): 
Negative 
supply 
for RS232 drivers. 
V - ::: 
- (2Vcc - 2.5V). Requires an external capacitor 
(~1JLF) for 
charge storage. May be loaded (up to -15mA) 
for external 
system 
use. 
Loading 
does 
reduce 
V - 
voltage 
(see 
graphs). 


TR1IN; TR21N (Pins 12, 11): RS232 driver input pins. Inputs 
are TILiCMOS 
compatible. 
Inputs should not be allowed 
to float. Tie unused inputs to Vcc. 


TR1 OUT; TR2 OUT (Pins 15,8): Driver outputs 
with RS232 
voltage 
levels. Outputs 
are in a high 
impedance 
state 
when 
in the SHUTDOWN 
mode or when 
power 
is off 
(Vcc = OV) to allow 
data 
line sharing. 
Outputs 
are fully 
short circuit 
protected 
from V - 
+ 30V to V + - 30V with 
power on, off, or in the SHUTDOWN mode. Typical output 
breakdowns 
are greater 
than 
± 45V and higher 
applied 
voltages 
will not damage the device if moderately 
current 
limited. 


REC1 IN; REC2 IN (Pins 14, 9): Receiver inputs. 
Accepts 
RS232 voltage levels (± 30V) and has O.4V of hysteresis 
to 
~ 
provide 
noise 
immunity. 
Input 
impedance 
is nominally 
...:. 


5kn. 


REC1 OUT; REC2 OUT (Pins 13, 10): Receiver outputs 
with 
TIL fCMOS 
voltage 
levels. 
Outputs 
are 
in 
a 
high 
impedance 
state when in the SHUTDOWN mode to allow 
data line sharing. Outputs are fully short circuit 
protected 
to ground or Vcc with power on, off, or in the SHUTDOWN 
mode. 


C1 +; C1 - ; C2 +; C2 - 
(Pins 2, 4, 5, 6): No user appl ica· 
tions. Requires an external capacitor 
(~1JLF) from C1 + to 
C1 - 
and another from C2 + to C2 - . 


• Absolutely No Latchup 
• CMOS Comparable Low Power - 80mW 
• Operates from a Single 5VSupply 
• Superior to CMOS 
- Easy PCLayout - 
Flow Through Architecture 
-Improved Speed - Operates Over64K Baud 
-Improved Protection - Outputs Can be Forced 
to ± 30VWithout Damage 
- Three-State Outputs are High Impedance When Off 
- Only Needs 1f.lFCapacitors 
- Output Overvoltage Does Not Force Current Back Into 
Supplies 
• 1f.lASupply Current in Shutdown 
• Available in SO Package 


LTl130 Series 


Advanced 
Low Power 
5V RS232Drivers/Receivers 
with Charge Pump 
DESCRIPTiOn 


The LT1130 Series are the only RS232 drivers/receivers 
with charge pump to guarantee absolutely no latchup. 
These interface optimized devices provide a realistic bal· 
ance between CMOS levels of power dissipation and real 
world requirements for ruggedness. The driver outputs are 
fully protected against overload and can be shorted to 
±30V. Unlike CMOS, the advanced architecture of the 
LT1130does not load the signal line when "shut down" or 
when power is off. Both the receiver and RS232 outputs 
are put into a high impedance state. An advanced output 
stage allows driving higher capacitive loads at higher 
speeds with exceptional ruggedness. 


For applications requiring only 2 drivers and 2 receivers 
with charge pump in one package see the LT1180Series 
data sheet. All of Linear Technology's RS2321C'sare avail· 
able in standard surface mount packages. 


LT1130 5·Driver/5·Receiver 
RS232 Transceiver 
LT1131 5·Driver/4·Receiver 
RS232 Transceiver 
w/Shuldown 
LT1132 5·Driver/3·Receiver 
RS232 Transceiver 
LT1133 3·Driver/5·Receiver 
RS232 Transceiver 
LT1134 4·Driver/4·Receiver 
RS232 Transceiver 
LT1135 5·Driver/3·Recelver 
RS232 Transceiver 
w/o Charge Pump 


INPUT 
{ 
5V 


OV 


DRIVERI::.. 
OUTPUT 


-5V 


RECEIVER 
{ 
5V 
OUTPUT 
OV 


LT1136 4·Driver/5·Receiver 
RS232 Transceiver 
w/Shuldown 
LT1137 3·Driver/5·Receiver 
RS232 Transceiver 
w/Shuldown 
LT1138 5·Driver/3·Receiver 
RS232 Transceiver 
w/Shuldown 
LT1139 4·Driver/4·Receiver 
RS232 Transceiver 
w/Shuldown 
LT1140 5·Driver/3·Receiver 
RS232 Transceiver 
w/o Charge Pump 
LT1141 3·Driver/5·Receiver 
RS232 Transceiver 
w/o Charge Pum~ 


ABSOLUTE mAXimum 
RATinGS 


Supply Voltage (Vecl 
6V 
V + 
13.2V 
V - 
- 13.2V 
Input Voltage 
Driver 
V - to V + 
Receiver 
- 30V to 30V 
On·Off Pin 
GND to 12V 
Output Voltage 
Driver 
V - +30V to V + - 30V 
Receiver 
- 0.3V to Vee + 0.3V 


Short Circuit Duration 
V + 
30 Seconds 
V - 
30 Seconds 
Driver Output 
Indefinite 
Receiver Output 
Indefinite 
Operating Temperature Range 
Military (LT113XM/LT114XM) 
- 55°C to 125°C 
Industrial (LT113XI/LT114XI) 
- 40°C to 85°C 
Commercial (LT113XC/LT114XC) 
O°C to lO°C 


Part Number 
Power Supply Voltages' 
Shutdown 
Drivers 
Receivers 
External Components 


LT1130 
+5 
No 
5 
5 
4 Capacitors 


LT1131 
+5 
Yes 
5 
4 
4 Capacitors 


LTl132 
+5 
No 
5 
3 
4 Capacitors 


LT1133 
+5 
No 
3 
5 
4 Capacitors 


LT1134 
+5 
No 
4 
4 
4 Capacitors 


LT1135 
+5,+12,-12 
No 
5 
3 
None 


LT1136 
+5 
Yes 
4 
5 
4 Capacitors 


LT1137 
+5 
Yes 
3 
5 
4 Capacitors 


LT1138 
+5 
Yes 
5 
3 
4 Capacitors 


LT1139 
+5, +12 
Yes 
4 
4 
2 Capacitors 


LT1140 
+5,+12,-12 
Yes 
5 
3 
None 


LT1141 
+5,+12,-12 
Yes 
3 
5 
None 


J PACKAGE 
28-lEAD 
CERAMIC DIP 


(.600" 
WIDE) 


N PACKAGE 


2a-lEAO 
PLASTIC DIP 


( 6OO-WIOEj 


ORDER PART 
NUMBER 


LT1130MJ 
LT1130CJ 
LT1130CN 
LT11301J 
LT1130lN 
LT1130CS 


J PACKAGE 
S PACKAGE 
N PACKAGE 


28-lEAD 
CERAMIC 
DIP 
28-LEAD 
PLASTIC 
SOL 
28-lEAD 
PLASTIC 
DIP 
1.600-WIOEI 
(.600· WIDE) 
(.600·WlDEl 


ORDER PART 
NUMBER 


LT1131MJ 
LT1131CJ 
LT1131CN 
LT11311J 
LT11311N 
LT1131CS 


5"DRIVER/3"RECEIVER 
ORDER PART 


rOPvlEW 
NUMBER 


v. 
1 
24 v- 


LT1132 


5VVCC 
2 
23 C2- 


Cl'" 
3 
2 
C2+ 
LT1132MJ 
LT1132CJ 


DRIVER OUT 
5 


LT1132CN 
ORI'¥EROUT 
6 


LT11321J 


DRIVER OUT 
8 
LT11321N 


DRIVER OUT 
9 
LT1132CS 


15 
DRIVER IN 


DRIVER OUT 
11 
14 RXDur 


13 
GROUND 


J PACKAGE 
24-lEAO 
CERAMIC 
DIP 
(.300· 
WIDE) 


N PACKAGE 


24·lEAO 
PlASTIC 
DIP 


(.3QO·WlOE) 
S PACKAGE 
24·lEAO 
PLASTIC 
SOL 
pOO·WIDE) 


J PACKAGE 


24-lEAD 
CERAMIC 
DIP 
S PACKAGE 


(,300· 
WIDE) 
24-lEAO 
PLASTIC SOL 


(.300"WIOE) 


N PACKAGE 
24-lEAO 
PLASTIC DIP 


(,300·WIDEj 


J PACKAGE 


28-LEAD 
CEfOl.MlC 
DIP 


(.600"W10E) 


N PACKAGE 
28-lEAD 
PlASTIC 
DIP 


(.fiOO"WIDE) 


S PACKAGE 


2a-LEAD PlASTIC 
SOL 


(.600" 
WIDE) 


LT1134MJ 
LT1134CJ 
LT1134CN 
LT1134IJ 
LT1134IN 
LT1134CS 


LT1136MJ 
LT1136CJ 
LT1136CN 
LT11361J 
LT11361N 
LT1136CS 


J PACKAGE 
N PACKAGE 
2·HEAO 
CERAMIC DIP 
24-LEAD PlASTIC 
DIP 
(.300"WIDEj 
S PACKAGE 
(.300"WIDE) 


24·lEAO 
PLASTIC 
SOL 
(.300 " WlDE) 


ORDER PART 
NUMBER 


LT1133MJ 
LT1133CJ 
LT1133CN 
LT11331J 
LT11331N 
LT1133CS 


5-DRIVERJ3.RECEIVER 
WITHOUT CHARGE PUMP 


TOP VIEW 
LT1135MJ 


12VV+ 
1 
LT1135CJ 


5VVcc 
2 
LT1135CN 


DRIVER OUT 
3 


LT11351J 
DRIVER OUT 
4 


LT1135IN 


ORIVER OUT 
6 
LT1135CS 


DRIVER OUT 
7 


DRIVER OUT 
9 


J PACKAGE 
N PACKAGE 


2O-lEAO CERAMIC DIP 
20-LEAD PlASTIC 
DIP 


(.300" 
WIDE) 
S PACKAGE 


(.300·WIOEj 


2O-lEAD PLASTIC SOL 


(.3OO"WI0E) 


3-DRIVERl5-RECEIVER 
WITH SHUTDOWN 


TOP VIEW 


LT1137MJ 
II 
LT1137CJ 
LT1137CN 
LT11371J 
LT11371N 
LT1137CS 


J PACKAGE 


28·lEAO 
CERAMIC DIP 
(.600"W10E) 


N PACKAGE 


28-lEAD 
PlASTIC 
DIP 


SPACKAGE 
{.600"WIOEj 


28-lEAD 
PlASTIC 
SOL 
(.600"WIOE) 


J PACKAGE 
28-lEAO 
CERAMIC OIP 
(.600"W1DE) 


N PACKAGE 
28·lEAO 
PlASTIC 
OIP 
(.600"'WIOE) 


S PACKAGE 


28-lEAO 
PlASTIC 
SOL 


(.600"WIDE) 


5"DRIVERI3·RECEIVER 
WITHOUT CHARGE PUMP 


J PACKAGE 


24-lEAO 
CERAMIC DIP 
S PACKAGE 


(.300 


wWIOE) 
24·lEAO 
PlASTIC 
SOL 


f 3OO 
wW1DEj 


N PACKAGE 
24-lEAO 
PLASTIC DIP 
(.300 
W WIOE) 


ORDER PART 
4"DRIVER/4·RECEIVER WITH SHUTDOWN 


NUMBER 
WITH + 12V AND + 5V SUPPLIES 


TOP VIEW 


lT1139 


24 
"1- 


LT1138MJ 
5VV~ 
2 
23 
C- 


LT1138CJ 


12"1 INPUT 
3 
22 
C+ 


LT1138CN 


DRIVER OUT 
4 
21 
DRIVER IN 


RX IN 
20 
RXQUT 


LT11381J 
DRIVER OUT 
19 
DRIVER IN 


LT11381N 
LT1138CS 
ORIVER OUT 


RJ( IN 


LT1140MJ 
LT1140CJ 
LT1140CN 
LT1140lJ 
LT1140lN 
LT1140CS 


J PACKAGE 
24·lEAO 
CERAMIC DIP 


(.300 
W WIOE) 


N PACKAGE 


24-lEAD 
PLASTIC DIP 


(.300 
W WIOE) 


S PACKAGE 


24·lEAD 
PlASTIC 
SOL 
(.300wWIOEI 


3·DRIVER/5"RECEIVER 
WITHOUT CHARGE PUMP 


J PACKAGE 
24·lEAO 
CERAMIC DIP 


(.300" 
WIDE) 


S PACKAGE 


2HEAD 
PlASTIC 
SOL 


(.300"W1DE) 


N PACKAGE 
24·lEAO 
PlASTIC 
DIP 
(.300"W1DE) 


ORDER PART 
NUMBER 


LT1139MJ 
LT1139CJ 
LT1139CN 
LT11391J 
LT11391N 
LT1139CS 


LT1141MJ 
LT1141CJ 
LT1141CN 
LT11411J 
LT11411N 
LT1141CS 


PARAMETER 


Any Driver 


ELECTRICAL CHARACTERISTICS 
(Note 1) 


I 
C_O_N_D_IT_'O_N_S 
, 
MIN 
TYP 
MAX 
UN_IT_S 


Output Voltage Swing 
Load = 3k to GND 
I 


Positive 
• 
5.0 
7.3 
V 
Negative 
• 
-5.0 
-6.5 
V 


Logic Input Voltage 
Input Low Level (Vour = High) 
• 
1.4 
0.8 
V 
Level 
Input High Level (Vour= Low) 
• 
2.0 
1.4 
V 


Logic Input Current 
0.8V:sV1N:s2.0V 
• 
5 
20 
~A 


Output Short Circuit Current 
Vour=OV 
12 
mA 


Output Leakage Current 
SHUTDOWN (Note 2), Your = ± 30V (Note 3) 
• 
10 
100 
~A 


Slew Rate 
Rl = 3kO, Cl =51pF 
4 
15 
30 
V/~s 


PARAMETER 


Any Receiver 


ELECTRICAL CHARACTERISTICS 
(Note 1) 


I 
C_O_ND_IT_IO_N_S 
M_IN 
TY_P__ 
MAX 
U_N_IT_S 


Input Voltage Thresholds 
Input Low Threshold, 
(Vour= High) 
0.8 
1.3 
V 
Input High Threshold, 
(Vour= Low) 
1.7 
2.4 
V 


Hysteresis 
• 
0.1 
0.4 
1.0 
V 


Input Resistance 
3 
5 
7 
kG 


Output Voltage 
Output Low, lour = -1.6mA 
• 
0.2 
0.4 
V 
Output High, lour = 160pA (Vcc= 5V) 
• 
3.5 
4.8 
V 


Output Short Circuit 
Sinking Current, Vour= Vcc 
-10 
-20 
mA 
Current 
Sourcing Current, Vour=OV 
0.4 
1 
mA 


Output Leakage Current 
SHUTDOWN (Note 2), OV:sVoursVcc 
• 
1 
10 
pA 


V+ Output 
8 
V 
V- Output 
-7.5 
V 


Supply Current 
17 
27 
mA 


Supply Leakage Current 
SHUTDOWN, 
-55°C:sTAs125°C 
• 
1 
100 
pA 
SHUTDOWN,0°C:sTA:s70oC 
• 
1 
10 
pA 


Supply Rise Time 
SHUTDOWN To Turn On 
2 
ms 


On/Oil Pin Current 
SHUTDOWN,OV:sVONfOFF:s5V 
• 
-15 
80 
pA 


The. 
denotes the specifications 
which apply over the lull operating temp- 


erature range. (O°C:sTA:s70°C lor commercial grade, - 4O°C:s TAs 85°C lor 
industrial grade, and -55°CsTA:sl25°C 
lor military grade). 


Note1: 
Testing done at Vcc = 5V and VONIOFF= 3V 


Nole2: 
VONIOFF:sO.1V 


Note 3: For LTll39, 
40, and 41 with 12V supplies, Vour leakage is 200pA and 
Vour is lorced to ±25V. 


Vcc: Input supply pin. Supply current drops to zero in the 
SHUTDOWN mode. 


GND: Ground pin. 


On/Off: Controls the operation mode of the device and is 
TIUCMOS 
compatible. A logic low puts the device in the 
SHUTDOWN mode which reduces input supply current to 
zero and places both driver and receiver outputs in a high 
impedance state. A logic high fully enables the device. 


V +: Positive supply (RS232 drivers). V + "" 2Vcc -1.5V. 
Requires an external capacitor (~11lF) for charge storage. 
Capacitor may be tied to ground or + 5V input supply. V + 
voltage is short circuit proof for 30 seconds. With multiple 
transceivers, the V + and V - 
pins may be paralleled into 
common capacitors. 


V -: Negative supply (RS232drivers). V - "" - (2Vcc- 2.5V). 
Requires an external capacitor (~11lF) for charge storage. 


Loading does reduce V - voltage. V - is short circuit proof 
for 30seconds. With multiple transceivers, the V + and V- 
pins may be paralleled into common capacitors. 


DRIVERIN: RS232driver input pins. Inputs are TIL /CMOS 
compatible. 
Inputs should not be allowed to float. Tie 
unused inputs to Vcc. 


DRIVER OUT: Driver outputs with RS232 voltage levels. 
Outputs are in a high impedance state when in the SHUT· 
DOWN mode or when power is off (Vcc = OV)to allow data 
line sharing. Outputs are fully short circuit protected from 
V - + 30V to V + - 30V with power on, off, or in the SHUT· 
DOWN mode. Typical output breakdowns are greater than 
±45V and higher applied voltages will not damage the 
device if moderately current limited. Although the outputs 
are protected, short circuits on one output can load the 
power supply generators disrupting the signal level from 
other outputs. 


RX IN: 
Receiver 
inputs. 
Accepts 
RS232 
voltage 
levels 


(± 30V) 
and 
has 
OAV 
of 
hysteresis 
to 
provide 
noise 
immunity. Input impedance 
is nominally 
5kU. 


RX OUT: Receiver outputs with TILiCMOS 
voltage 
levels. 
Outputs 
are in a high impedance 
state when in the SHUT· 
DOWN 
mode to allow data line sharing. 
Outputs 
are fully 
short circuit protected 
to ground or Vcc with power on, off, 


or in the SHUTDOWN 
mode. 


C1 +; C1 -; 
C2 +; C2 -: 
Requires 
an external 
capacitor 


(~1JLF) from C1 + to C1 - 
and another from C2 + to C2 - , 


In applications 
where 
larger 
positive 
voltages 
are avail· 


able, such as + 12V, C1 can be eliminated 
and the positive 
voltage connected 
directly to the C1 + terminal. 


Driver Output Voltage 


10 
VcC-5.5V 
OUTPUT HIGH 


Vcc 
4.5V 


V~c156v 


- 
Rl=3kll 


Vcc=4.5V 
_VrI5~V 


Vcc 15.5V 
OUTPUT LOW 
-8 


-10 
-55 
-25 
0 
25 
50 
75 
100 
125 
TEMPERATURE(·C) 


Receiver Output Short 
Circuit Current 


OUTPUTSINKING 


I 
I 


OUTPUT SOURCING 
1 J 


I 
I 
I 
I 


:<.s 
10I 
=>u 
>- 
=>~ 
>- 
=>o 


0.1 
-55 
-25 
0 
25 
50 
75 
100 
125 


TEMPERATURE(·C) 


Supply Generation 
from Vcc 
or Shutdown 


V+ SUPPLY 


",., 
'"'"" 
Vcc=5J 
I 
I 


/ 
Cl-C4=1"F 


II 


Rl =4.7k;V 
+ TO V- 


\ 
\. 


•...•.... - 


V- 
SUPPLY 


Receiver Input Thresholds 


300 


2.75 


2.50 


~ 
2.25 
o62.00 
:r 
~ 
1.75 


~ 
1.50 


=> 
~ 
1.25 


1.00 


0.75 


0.50· 
-55 
-25 
0 
25 
50 
75 
100 
125 


TEMPERATURE(·C) 


5.0 


4.5 


4.0 


~ 
3.5 


~ 
3.0 


~ 
2.5 
z 


~ 
20 


Z 
1.5 
o 


-6 


-8 


-10 
o 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 


TIME (ms) 


40 


35 


30 


~ 
25 


§ 
20 


~ 
15 


~ 
10 


/ 
/ 
/ 
/ 
/ 


0.5 


o 
-55 
-25 
0 
25 
50 
75 
100 
125 


TEMPERATURE(·C) 


-5 


-10 
o 


Driver Output Leakage 
in Shutdown 


::=VCC 
5V 


/ 


/ 


VOUT:37, 
-/- 


/ 
/ 1/ VIOUF i30V 


1 
-55 
-25 
0 
25 
50 
75 
100 
125 
TEMPERATURE IOC) 


0.1 


-55 
-25 
0 
25 
50 
75 
100 
125 


TEMPERATURE IOC) 


Shutdown 
to Receiver 
Output Waveforms 
Shutdown 
to Driver Output 
Output 


{ 
5V 


10V 
r 


ORIVER 
OV 
DRIVER { 
5V 
RECEIVER 
4V 


OUTPUT 
OUTPUT 
OV 
OUTPUT 
2V 
-5V 


RECEIVER ( 
5V 
DRIVER { 
OV 
OV 


OUTPUT 
OV 
-5V 


OUTPUT 
-10V 
ON-OFF ( 5V 


INPUT 
( 
5V 
ON-OFF ( 
5V 
INPUT 
OV 


OV 
INPUT 
OV 


0 
2". 
4". 
6". 8". 
0 
1ms 
2ms 
3ms 
4ms 
0 
1ms 
2ms 
3ms 
4ms 


The driver output stage of the LT1130 offers significantly 
improved protection over older bipolar and CMOS designs. 
In addition to current limiting, the driver output can be ex- 
ternally forced to ± 30V with no damage or excessive cur· 


rent flow, and will not disrupt the supplies. Some drivers 
have diodes connected between the outputs and the sup- 
..,.. 
plies, so externally applied voltages can cause excessive 
...:. 
supply voltage to develop. 


V+ 
-v+ 


WITH SOME DRIVERS, 
EXTERNALLY APPLIED 
VOLTAGE CAN FORCE 
THE SUPPLIES 


V- 


Placing the LT1130 type device in the SHUTDOWN mode 
puts both the driver and receiver outputs in a high 
impedance 
state. This allows data 
line sharing and 
transceiver applications. 


The SHUTDOWN mode also drops input supply current to 
zero for power-conscious systems. 


LOGIC 


TRANSMIT/RECEIVE 


LINE 


ON-OFF 


(TRANSMIT/ 


RECEIVE) 


INPUT 


ON-OFF 


(CHANNEL 
SELECT) 


INPUT 


,----, 
I 
DEVICE 
I 
I 
DRIVER 
I 
I 
I 


I 
I 
I 
I 
DEVICE 
I 
RECEIVER 


I 


RS232 
TRANSMIT/RECEIVE 
LINE 


,..----.., 
I # 1 RECEIVER I 
I 
I 


RS232 
TRANSMISSION 
LINE 


LOGIC 


ON-OFF 
INVERTER 


(CHANNEL 
SELECT) 
INPUT 


When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other active re- 
ceiver on the line, a 51k resistor can be placed from the 
logic input to Vcc to force a definite logic level when the 
receiver output is in a high impedance state. 


To protect against receiver input overloads in excess of 
± 30V, a voltage clamp can be placed on the data line and 
still maintain RS232 compatibility. 
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NOTE 1: REPEAT THE OPTOCOUPLER 
CONNECTIONS 
FOR EACH LINE. 


NOTE 2: SELECT 
FOR 10mA 
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"FOR 
IMPROVEO 
EFFICIENCY, 
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A JOV ZENER DlOOE. 
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J Package 
20·Lead Ceramic DIP 
(.300' Wide) 


N Package 
2O·LeadPlastic DIP 
(.300" Wide) 


J Package 
24·Lead Ceramic DIP 
(.300' Wide) 


N Package 
2Head 
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J Package 
28·Lead Ceramic DIP 
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N Package 
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• 0.1JLFCapacitors 
• Absolutely No Latchup 
• CMOSComparable Low Power - 70mW 
• Superior to CMOS 
-Improved Speed - Operates Over64K Baud 
-Improved Protection - Outputs Can be Forced 
to ± 30VWithout Damage 
- Three-State Outputs are High Impedance When Off 
- Smaller Board Area Required 
• 
1JLASupply Current in Shutdown 
• Available in SO Package 
• Available With or Without Shutdown 


• Portable Computers 
• Battery Powered RS232Systems 
• Power Supply Generator 
• Terminals 
• Modems 


LTl180/LTl181 


Advanced 
Low Power 
5V RS232 Dual Driver/Receiver 
with Small Capacitors 


DESCRIPTiOn 


The LT1180 and LT1181 are the only dual RS232 driverl 
receiver with charge pump to guarantee absolutely no 
latchup. Requiring only 0.1JLFcharge pump capacitors, 
these interface optimized devices provide a realistic bal· 
ance between CMOS levels of power dissipation and real 
world requirements for ruggedness. Small capacitors reo 
duce cost as well as board size. The driver outputs are 
fully protected against overload and can be shorted to 
± 30V. Unlike CMOS, the advanced architecture of the 
LT1180/LT1181does not load the signal line when "shut 
down" or when power is off. Both the receiver and RS232 
outputs are put into a high impedance state. An advanced 
output stage allows driving higher capacitive loads at 
higher speeds with exceptional ruggedness against ESD. 


For applications requiring up to 5 drivers and 5 receivers 
with charge pump in one package see the LT1130Series 
data sheet. A version of the LT1180/81, 
the LT1080 and 
LT1081is available for applications requiring extra current 
from the charge pump to power other circuitry. All of 
Linear Technology's RS232 IC's are available in standard 
surface mount packages. 
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Supply Voltage (Vccl 
6V 
V + 
13.2V 
V - 
- 13.2V 
Input Voltage 
Driver 
V - to V + 
Receiver 
- 30V to 30V 
On·Off Pin 
GND to 12V 
Output Voltage 
Driver 
V - + 30V to V + - 30V 
Receiver 
- 0.3V to Vcc + 0.3V 


Short Circuit Duration 
V + 
30 Seconds 
V - 
30 Seconds 
Driver Output. 
Indefinite 
Receiver Output. 
Indefinite 
Operating Temperature Range 
LT1180M/LT1181M 
- 55°C to 125°C 
LT11801/LT11811 
- 40°C to 85°C 
LT1180C/LT1181C 
OOCto lO°C 
Lead Temperature (Soldering, 10 sec.) 
300oC 


TOP VIEW 
ORDER PART 
TOP VIEW 
ORDER PART 
NUMBER 
NUMBER 


LT1180MJ 
LT1180lS 
LT1180lJ 
LT1180CS 
LT1180lN 
LT1180CJ 
LT1180CN 


LT1181MJ 
LT11811J 
LT11811N 
LT1181CJ 
LT1181CN 


LT11811S 
LT1181CS 


ELECTRICAL CHARACTERISTICS 
(Note 1) 


PARAMETER 
I__ 
C_O_ND_IT_IO_N_S 
M_I_N 
T_YP 
M_AX 
UN_IT_S 


Driver 


Output Voltage Swing 
Load = 3k to GND 


I 


Positive 
• 
5.0 
7.3 
V 
Both Outputs. 
Negative 
• 
-5.0 
-6.5 
V 


Logic Input Voltage 
Input Low Level (Vour= High) 
• 
1.4 
0.8 
V 
Level 
Input High Level (Vour= Low) 
• 
2.0 
1.4 
V 


Logic Input Current 
V1N2:2.0V 
• 
5 
20 
~A 
V1N,,0.8V 
• 
5 
20 
~A 


Output Short Circuit 
Sourcing Current, Vour=OV 
7 
12 
mA 
Current 
Sinking Current, Your = OV 
-7 
-12 
mA 


Output Leakage Current 
SHUTDOWN (Note 2), Vour= ±30V 
• 
10 
100 
~A 


Slew Rate 
RL =3kG, CL =51pF 
4 
15 
30 
V/~s 


Input Voltage Thresholds 
Input Low Threshold, LTl180C, LT1181C 
• 
0.8 
1.3 
V 
LTl180l, M/LT11811, M 
• 
0.2 
1.3 
V 


Input High Threshold, LTl180C/LT1181C 
• 
1.7 
2.4 
V 
LT11801,M/LTl1811, M 
• 
1.7 
3.0 
V 


Hysteresis 
• 
0.1 
0.4 
1.0 
V 


Input Resistance 
3 
5 
7 
kG 


Output Voltage 
Output Low,lour = -1.6mA 
• 
0.2 
0.4 
V 
Output High,lour= 
160~A(Vee= 5V) 
• 
3.5 
4.8 
V 


Output Short Circuit 
Sinking Current, Vour = Vee 
-10 
-20 
mA 
Current 
Sourcing Current, Vour=OV 
0.6 
1 
mA 


Output Leakage Current 
SHUTDOWN (Note 2),OV"Vour"Vcc 
• 
1 
10 
~A 


Supply Current 
(Note 3) 
14 
23 
mA 
TA= 125°C 
• 
30 
mA 


Supply Leakage Current (Vee) 
SHUTDOWN (Note 2)(LT1180 Only) 
• 
1 
100 
~A 


On·OlfPin 
Current 
OV"VON-QFF,,5V (LTl180 Only) 
• 
-15 
80 
~ 


The. 
denotes specifications 
which apply over the operating temperature 
range (OOC"TA" 70°C for commercial grade, - 40°C" TA,,85°C for Indus· 
trial grade or - 55°C"TA" 
125°C for military grade devices). 


Note 1: These parameters apply forVON-QFF=3V, Vee=5V and C=O.l~F 
un· 


less otherwise specified. 


Note 2: VON.OFF=0.4V for -55°C"TA"lOOoC, 
and VON-OFF=0.2V for 
loooC"TA" 
125°C (LT1180 only). 


Note 3: Unless otherwise specified, Vcc = 5V, external loading of V + and 
V - equals zero and the driver outputs are low (inputs high). 


Pin FunCTions 
(Pin numbers 
refer to LT1180) 


Vcc (Pin 17):Input supply pin. Supply current drops to zero 
in the SHUTDOWN mode. 


GND (Pin 16):Ground pin. 


On·Off (Pin 18):Controls the operation mode of the LT1180 
and is TILiCMOS compatible. A logic low puts the device 
in the SHUTDOWN mode which reduces input supply cur· 
rent to zero and places both driver and receiver outputs 
in a high impedance state. A logic high fully enables the 
device. 


V+(Pin 3): Positive supply for RS232 drivers. V + '" 
2Vcc-1.5V. 
Requires an external capacitor (~O.1J!F)for 
charge storage. Capacitor may be tied to ground or + 5V 
input supply. With multiple transceivers, the V + and V - 
pins may be paralleled into common capacitors. 


V - 
(Pin 7): Negative supply for RS232 drivers. V - '" 
- (2Vcc - 2.5V). Requires an external capacitor (~O.1J!F) 
for charge storage. With multiple transceivers, the V + 
and V - pins may be paralleled into common capacitors. 


TR1IN; TR21N(Pins 12,11):RS232driver input pins. Inputs 
are TILiCMOS compatible. Inputs should not be allowed 
to float. Tie unused inputs to Vcc. 


TR1 OUT;TR2 OUT(Pins 15,8): Driver outputs with RS232 
voltage levels. Outputs are in a high impedance state 
when in the SHUTDOWN mode or when power is off 
(Vcc = OV)to allow data line sharing. Outputs are fully 
short circuit protected from V - 
+ 30V to V + - 30V with 
power on, off, or in the SHUTDOWN mode. Typical output 
breakdowns are greater than ±45V and higher applied 
voltages will not damage the device if moderately current 
limited. Shorting one output will affect output from the 
other. 


REC1 IN; REC2 IN (Pins 14, 9): Receiver inputs. Accepts 
RS232voltage levels (± 30V)and has O.4Vof hysteresis to 
provide noise immunity. Input impedance is nominally 
5kll 


REC1OUT; REC2OUT(Pins 13, 10):Receiver outputs with 
TILiCMOS 
voltage 
levels. 
Outputs 
are 
in 
a 
high 
impedance state when in the SHUTDOWN mode to allow 
data line sharing. Outputs are fully short circuit protected 
to ground or Vcc with power on, off, or in the SHUTDOWN 
mode. 


C1+; C1 -; 
C2+; C2 - 
(Pins 2, 4, 5, 6): Requires an ex· 
ternal capacitor (~O.1J!F)from C1 + to C1- 
and another 
from C2+ to C2 -. 
Pin 2 can be used for connecting a 
second positive supply. When a separate positive supply 
is used, C1can be deleted. 
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The driver output stage of the LT1180 offers significantly 
improved protection over older bipolar and CMOS designs. 
In addition to current limiting, the driver output can be ex· 
ternally forced to ± 30V with no damage or excessive cur· 
rent flow, and will not disrupt the supplies. Some drivers 
have diodes connected between the outputs and the sup- 
plies, so externally applied voltages can cause excessive 
supply voltage to develop. 


Placing the LT1180 in the SHUTDOWN mode (Pin 18 low) 
puts both the driver and receiver outputs 
in a high 
impedance 
state. This allows data 
line sharing and 
transceiver applications. 


The SHUTDOWN mode also drops input supply current 
(Vcc; Pin 17)to zero for power-conscious systems. 
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When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other active reo 
ceiver on the line, a 51k resistor can be placed from the 
logic input to Vcc to force a definite logic level when the 
receiver output is in a high impedance state. 


To protect against receiver input overloads in excess of 
± 30V, a voltage clamp can be placed on the data line and 
still maintain RS232 compatibility. 
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• 10mA Max Supply Current 
• Absolutely No Latchup 
• CMOSComparable Low Power - 35mWTyp 
• Superior to CMOS 
-Improved Speed - Operates Over64K Baud 
-Improved Protection - Outputs Can be Forced 
to ± 30VWithout Damage 
- Three·State Outputs are High Impedance When Off 
- Smaller Board Area Required 
• 1/lASupply Current in Shutdown 
• Available in SO Package 
• Available With or Without Shutdown 


• Portable Computers 
• Battery Powered RS232Systems 
• Power Supply Generator 
• Terminals 
• Modems 


LT1280/LT1281 


Advanced 
Low Power 
5V RS232 Dual Driver/Receiver 


The LT1280 and LT1281 are the only dual RS232 driverl 
receiver with charge pump to guarantee absolutely no 
latchup. 
Requiring only 1/lF charge pump capacitors, 


these interface optimized devices provide a realistic bal· 
ance between CMOS levels of power dissipation and real 
world requirements for ruggedness. Small capacitors reo 
duce cost as well as board size. The driver outputs are 
fully protected against overload and can be shorted to 
± 30V. Unlike CMOS, the advanced architecture of the 
LT1280/LT1281does not load the signal line when "shut 
down" or when power is off. Both the receiver and RS232 
outputs are put into a high impedance state. An advanced 
output stage allows driving higher capacitive 
loads at 
higher speeds with exceptional ruggedness against ESD. 


For applications requiring up to 5 drivers and 5 receivers 
with charge pump in one package see the LT1130Series 
data sheet. A version of the LT1280/81,the LT1180 and 
LT1181is available for applications requiring small (O.1/lF) 
capacitors. All of LinearTechnology's RS2321C'sare avail· 
able in standard surface mount packages. 
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V+, , , , 
, . , 
, , 
, , 
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, . , 
Indefinite 
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, .. , . Indefinite 
Operating Temperature Range 
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" 
" 
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, 
" 
, O°C to lOoe 
Lead Temperature (Soldering, 10 see,), . , 
, . ,300°C 


TOP VIEW 
ORDER PART 
TOP VIEW 
ORDER PART 
NUMBER 
NUMBER 


LT1280MJ 
LT1280lS 
LT1280lJ 
LT1280CS 
LT1280lN 
LT1280CJ 
LT1280CN 


LT1281MJ 
LT12811J 
LT12811N 
LT1281CJ 
LT1281CN 


LT1281IS 
LT1281CS 


PARAMETER 


Driver 


Output Voltage Swing 
Load = 3k to GND 


I 


Positive 
• 
5.0 
7.3 
V 
Both Outputs. 
Negative 
• 
-5.0 
-6.5 
V 


Logic Input Voltage 
Input Low Level (VOUT=High) 
• 
1.4 
0.8 
V 
Level 
Input High Level (VOUT= Low) 
• 
2.0 
1.4 
V 


Logic Input Current 
V1N2:2.0V 
• 
5 
20 
~A 
V1N:s0.8V 
• 
5 
20 
~A 


Output Short Circuit 
Sourcing Current, VOUT=OV 
7 
12 
mA 
Current 
Sinking Current, VOUT= OV 
-7 
-12 
mA 


Output Leakage Current 
SHUTDOWN (Note 2), VOUT= ± 30V (Note 4) 
• 
10 
25 
~A 


Slew Rate 
RL =3kG, CL =51pF 
4 
15 
30 
VJ~s 


Input Voltage Thresholds 
Input Low Threshold, LT1280C/L T1281C 
• 
0.8 
1.3 
V 
LT12801, M/LT1281I, M 
• 
0.2 
1.3 
V 


Input High Threshold, LT1280C/LT1281C 
• 
1.7 
2.4 
V 
LT12801,M/LT1281I, M 
• 
1.7 
3.0 
V 


Hysteresis 
• 
0.1 
0.4 
1.0 
V 


Input Resistance 
3 
5 
7 
kG 


Output Voltage 
Output Low, lOUT= -1.6mA 
• 
0.2 
0.4 
V 
Output High, lOUT= 160~A (Vcc = 5V) 
• 
3.5 
4.8 
V 


Output Short Circuit 
Sinking Current, VOUT=Vcc 
-10 
-20 
mA 
Current 
Sourcing Current, VOUT= OV 
0.3 
0.6 
mA 


Output Leakage Current 
SHUTDOWN (Note 2), OV:sVOUT:SVCC 
• 
1 
10 
~A 


Supply Current 
(Note 3) 
7 
10 
mA 
• 
14 
mA 


Supply Leakage Current (Vccl 
SHUTDOWN (Note 2)(LT1280 Only)(Note 4) 
• 
1 
25 
~A 


On·Off Pin Current 
OV:sVON.OFF:s5V(LT1280 Only) 
• 
-15 
80 
~A 


The. 
denotes specifications 
which apply over the operating temperature 
range (ooC:s TA:S70°C for commercial 
grade, - 40oC:s TA:s85°C for indus· 


trial grade or - 55°C :sTA:s 125°C for military grade devices). 


Note 1: These parameters apply for VON.OFF= 3V, Vcc = 5V and C = 1.0~F un· 
less otherwise specified. 


Note 2: VON.OFF= O.4Vfor - 55°C :sTA:s 100°C, and VON.OFF= 0.2V for 
100oC:sTA:s 125°C (LT1280 only). 


Note 3: Unless otherwise specified, Vcc = 5V, external loading of V + and 
V - equals zero and the driver outputs are low (inputs high). 


Note 4: Leakage current at 125°C= 100~A max. 


Pin FunCTions (Pin numbers refer to LT1280) 


Vee (Pin 17):Input supply pin. Supply current drops to zero 
in the SHUTDOWNmode. 


GND(Pin 16):Ground pin. 


On·Off (Pin 18):Controls the operation mode of the LT1280 
and is TILiCMOS compatible. A logic low puts the device 
in the SHUTDOWNmode which reduces input supply cur· 
rent to zero and places both driver and receiver outputs 
in a high impedance state. A logic high fUlly enables the 
device. 


V+ (Pin 3): Positive supply for RS232 drivers. V + '" 
2Vee-1.5V. 
Requires an external capacitor (~O.1/lF) for 
charge storage. Capacitor may be tied to ground or + 5V 
input supply. With multiple transceivers, the V + and V- 
pins may be paralleled into common capacitors. 


V - 
(Pin 7): Negative supply for RS232 drivers. V - '" 
-(2Vee-2.5V). 
Requires an external capacitor (~O.1/lF) 
for charge storage. With multiple transceivers, the V + 
and V - pins may be paral(eled into common capacitors. 


TR1IN; TR21N(Pins 12,11):RS232driver input pins. Inputs 
are TILiCMOS compatible. Inputs should not be allowed 
to float. Tie unused inputs to Vee. 


TR1 OUT;TR2 OUT(Pins 15,8): Driver outputs with RS232 
voltage levels. Outputs are in a high impedance state 
when in the SHUTDOWN mode or when power is off 
(Vee=OV) to allow data line sharing. Outputs are fully 
short circuit protected from V - 
+ 30V to V + - 30V with 
power on, off, or in the SHUTDOWNmode. Typical output 
breakdowns are greater than ±45V and higher applied 
voltages will not damage the device if moderately current 
limited. Shorting one output will affect output from the 
other. 


REC1 IN; REC2 IN (Pins 14, 9): Receiver inputs. Accepts 
RS232voltage levels (± 30V)and has OAVof hysteresis to 
provide noise immunity. Input impedance is nominally 
5kO. 


REC1OUT;REC2OUT(Pins 13,10):Receiver outputs with 
TILiCMOS 
voltage 
levels. 
Outputs 
are 
in 
a 
high 
impedance state when in the SHUTDOWN mode to allow 
data line sharing. Outputs are fully short circuit protected 
to ground or Vee with power on, off, or in the SHUTDOWN 
mode. 


C1+; C1-; 
C2+; C2- 
(Pins 2, 4, 5, 6): Requires an ex- 


ternal capacitor (~O.1/lF) from C1+ to C1- 
and another 
from C2+ to C2-. 
Pin 2 can be used for connecting a 
second positive supply. When a separate positive supply 
is used, C1can bedeleted. 
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Shutdown to Receiver 
Output 


The driver output stage of the LT1280 offers significantly 
improved protection over older bipolar and CMOS designs. 
In addition to current limiting, the driver output can be ex· 
ternally forced to ±30V with no damage or excessive cur- 
rent flow, and will not disrupt the supplies. Some drivers 
have diodes connected between the outputs and the sup- 
plies, so externally applied voltages can cause excessive 
supply voltage to develop. 


V+ 
-t>f 


WITH 
SOME ORIVERS, 


EXTERNALLY 
APPLlEO 
VOLTAGE CAN FORCE 
THE SUPPLIES 


V- 


ON-OFF 


(CHANNEL 
SELECT) 
INPUT 


Placing the LT1280 in the SHUTDOWN mode (Pin 18 low) 
puts both the driver and receiver outputs 
in a high 
impedance 
state. This allows 
data 
line sharing 
and 
transceiver applications. 


The SHUTDOWN mode also drops input supply current 
(Vcc; Pin 17)to zero for power-conscious systems. 
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IRECEIVE 
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When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other active reo 
ceiver on the line, a 51k resistor can be placed from the 
logic input to Vcc to force a definite logic level when the 
receiver output is in a high impedance state. 


To protect against receiver input overloads in excess of 
±30V, a voltage clamp can be placed on the data line and 
still maintain RS232compatibility. 
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SECTION 11-SPECIAL 
FUNCTION 


INDEX 
. 


PROPRIETARY PRODUCTS 


LTKOOI, Thermocouple Cold Junction Compensator and MatchedAmplifier 
. 


LTC201, Quad CMOS SPSTLow Charge Injection Analog Switch. 
. 
. 
. 


LTI025, Micropower Thermocouple Cold Junction Compensator. 
. ........................•. 


LTCI 043, Dual Precision Instrumentation Switched-Capacitor Building Block 


LTC1043CS, Dual Precision Instrumentation SWitched-Capacitor Building Block. 


LTiOBB, WidebandRMS·DC Converter Building Block . 
. 
. 


LTIOB9, HigilSideSwitch 
. 


LTl1BB, 1.5AHighSideSwitch 
. 


11-3 


13-3 


11-7 


11-15 


11-31 


11-33 


11-4b 


13-55 


L7UJ~--Th-e-r-m-o-c-o-u-p-le-C-O-I-d-J-U~_T:-~-i~-~ 
Compensator and Matched Amplifier 


• 0.75°C Initial Accuracy (AVersion) 
• 
Extremely Low Warmup Drift 
• Preset Outputs for TypeE,J, K, R,S,T 
• Single 5Vto ± 20VOperation 
• 480/tATypical Supply Current 


The LTK001 is a thermocouple amplifier supplied with a 
matched cold junction compensator. By separating the 
amplifier and compensator functions, the problem of com- 
pensator temperature rise is virtually eliminated. The com- 
pensator is a selected version of the LT1025cold junction 
compensator. The amplifier, which is also available sepa- 
rately as LTKAOxhas been specially selected for thermo- 
couple applications. It has low supply current to minimize 
warmup drift, very low offset voltage «35/tV), high gain, 


and extremely low input bias currents «600pA) to allow 
high impedance input filters to be used without degrading 
offset voltage or drift. 


Matching of the kits is accomplished by separating the 
compensators and amplifiers according to the polarity of 
their initial (room temperature) errors. This eliminates the 
need to sum the errors of the two components to find the 
worst-case error. 


The LTK001has direct thermocouple outputs of 60.9/tV/oC 
(E),51.7/tV/oC(J), 40.6/tV/oC(K, T), and 5.95/tV/oC(R, S). It 
also has a 10mV/oCoutput which can be scaled to match 
any arbitrary thermocouple. 


The amplifier in the LTK001kit is available in an a-pin plas- 
tic miniDIP for O°Cto 70°C operation and an a-pin TO-39 
metal can for - 55°C to + 125°C operation. The com· 
pensator is available in a-pin plastic miniDIP for O°C to 
70°C operation and a-pin ceramic miniDIP for - 55°C to 
+ 125°C operation. 


For multiple thermocouple applications using one com- 
pensator, amplifiers may be ordered separately (LTKAOx), 
still matched to the compensator. 


For typical performance curves and applications 
circuits consult the 
LT1025data sheet. 


R2 
R3-' 
l00{) 
255k 


FULL·SCALE TRIM 
1% 
III 


'R4" 
3~~ 
,R4 IS NOT REoUIREo (OPEN) FOR 


L11025 TEMPERATURES", O·C. 


"SELECTEO FORO'C-l00'C 
RANGE. 


Amplifier 
(LTKAOx) 
Supply Voltage 
(Total V+ to V-) 
40V 
Differential 
Input Current (Note 1) 
± 10mA 
Common-Mode 
Input Voltage 
Equal to Supplies 
Output Short Circuit 
Duration 
Indefinite 


Compensator 
(LT1025) 
Supply Voltage 
(VIN to Ground Pin) 
36V 
Output Voltage 
(Forced) 
5V 
Output Short Circuit 
Duration 
Indefinite 


Both Devices 
Operating 
Temperature 
Range 
LTK001AMJ, 
LTK001MJ 
- 55°C to 125°C 
LTK001ACN, 
LTK001CN 
OOCto lO°C 
Storage Temperature 
Range 
- 65°C to 150°C 
Lead Temperature 
Range (Soldering, 
10 sec.) 
300°C 


TOP VIEW'OJ 


60 9 VI"C 
I 
8 
51.7p.vl°C 
. II 
KT 


VIN 2 
7 
40.6IlV/"C 


lOmV/~g 
3 
6 
~~~/OC 


GNO 4 
5 
R- 
COMMON 
PlASTIC DIP 
HERMETICDIP 
COMi>ENSATOR 
COMPENSATOR 


(LT1025) 
(LT1025) 


TOP 
VIEW 


vOSTR,MDB 
VosTRIM 


-IN 
2 
7 Y+ 


+IN 
3 
6 
OUT 


v- 
4 
5 
OYER COMP 


PlASTIC 
DIP AMPliFIER 
(lTKADx) 


TOP VIEW 


VosTRIM 


8 


4 
v- 


METAL 
CAN AMPLIFIER 
(LTKAOx) 


ORDER 
PART NUMBER 


KIT 
LTK001CN 
LTK001ACN 
LTK001MJ 
LTK001AMJ 


AMPLIFIER 
ONLY 
(Note A) 


LTKAOOCN8 
LTKA01CN8 


AMPLIFIER 
ONLY 
(Note A) 
LTKAOOMH 
LTKA01MH 


Note A: The polarity of the amplifier is indicated by the 0 or 1 in the part 
number. An LT1025 with a 0 identifier is properly matched with an LTKAOO 
while an LT1025 with a 1 identifier should be used with an LTKA01. 


ELECTRICAL CHARACTERISTICS - 
mATCHED AmPLIFIER 
AnD COMPEnSATOR 
TA=25°C, Vs= ±15V(Amplifier), 
Vs=5V(Compensator) 


LTKOO1A 
LTKOO1 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Total Temperature Error @25°C 
Type E 
0.75 
2.5 
°C 
(Note 2) 
Type J 
0.75 
2.5 
°C 


Type K, T 
0.86 
2.5 
°C 


Type R,S 
(Note 11) 
5.0 
5.0 
°C 


Slope Error (Notes 3 and 8) 
0°C~Ti~70°C 
Type E 
0.05 
0.09 
°CloC 


Type J 
0.06 
0.09 
°CloC 


Type K, T 
0.07 
0.10 
°C/oC 


Type R,S 
0.28 
0.32 
°C/oC 


Total Temperature Error at 
OOC~Ti~70oC 
Type E 
2.0 
5 
°C 
Temperature Extremes (Note 8) 
Type J 
2.1 
5 
°C 


Type K, T 
2.6 
5.2 
°C 


Type R,S 
(Note 11) 
16 
16 
°C 


-55°C~Ti~125°C 
Type E 
6 
8.5 
°C 


Type J 
6 
8.5 
°C 


Type K, T 
6.3 
9 
°C 


Type R, S 
(Note 11) 
30 
30 
°C 


Temperature Error Change with 
0.1 
0.1 
°CN 
Supply Voitage (Note 4) 


Supply Current 
480 
900 
480 
900 
p.A 


ELECTRICAL CHARACTERISTICS 
comPEnSATOR 
(LT10!5) 
VS=5V unless otherwise specified 


COMPENSATOR (LT1025) 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Temperature Error at 10mV/oC Output (Note 8) 
Ti = 25°C 
LTK001A 
0.3 
0.5 
°C 


LTK001 
0.5 
2.0 
°C 


Full Temperature Span 
• 
See Curve on LT1025 Data Sheet 


Temperature Error at Individual Outputs (Note 9) 
LTK001A 
E,J, K,T 
0.4 
0.75 
°C 


R,S 
0.4 
1.5 
°C 


LTK001 
E,J, K,T 
0.8 
2.4 
°C 


R,S 
1.2 
3.5 
°C 


Full Temperature Span 
• 
See Curve on LT1025 Data Sheet 


Supply Current 
4VsV1Ns36V 
80 
100 
p.A 


OOCsTjs700C 
• 
150 
p.A 


-55°CsTis125°C 
• 
200 
~A 


Change in Supply Current 
4V<V1N<36V 
0.01 
0.05 
~AJV 


line Regulation (Note 10) 
4VsV1Ns36V 
• 
0.003 
0.02 
°CN 
10mV/oC Output 


Load Regulation (Note 10) 
Oslos1mA 
• 
0.04 
0.2 
°C 
10mV/oC Output 


Divider Impedance 
E 
2.5 
kO 


J 
• 
2.1 
kO 


K, T 
4.4 
kO 


R,S 
3.8 
kO 


ELECTRICAL CHARACTERISTICS 
AmPLIFIER (LTKAOx) Vs = ± 15V,VCM= 0, Tj = 25°C, unless otherwise specified 


AMPLIFIER (LTKAOx) 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
10 
35 
~V 


Input Offset Voltage Drift with Temperature 
(Note 5) 
• 
0.3 
1.5 
~V/oC 


Input Bias Current 
0°CsTAs70oC 
• 
±2oo 
±800 
pA 
- 55°C <TA < 125°C 
• 
±300 
+1500 
pA 


Input Bias Current Drift with Temperature 
(Note 5) 
• 
1 
5 
pAloC 


Input Offset Current 
0°CsTAs70°C 
• 
±100 
±500 
pA 
-55°CsTAs125°C 
• 
±2oo 
±700 
pA 


Input Offset Current Drift with Temperature 
(Note 5) 
• 
0.6 
4 
pAloC 


Large Signal Voltage Gain 
RL = 10kO 
• 
400 
2000 
V/mV 


Common-Mode Rejection Ratio 
VCM= 
± 13.5V 
• 
106 
130 
dB 


Power Supply Rejection Ratio 
±2.5VsVss 
± 20V (Note 4) 
• 
106 
125 
dB 


Common·Mode Input Voltage Range 
Notes5and6 
Above V- 
0.75 
V 


BelowV· 
1.0 
V 


Output Voltage Swing (Notes 5 and 7) 
Referred to 
IOUT=0.1mA 
0.8 
V 
Supplies 
lOUT= 1mA 
1.1 
V 


Supply Current 
• 
400 
800 
p.A 


Supply Voltage Range 
Total v· to V- Voltage 
• 
4.5 
40 
V 


III 


The. 
denotes the specifications 
which apply over the full operating 
temperature range. 


Note 1: The inputs of the LTKAOx amplifier are clamped with diodes, so a 
differential 
voltage rating does not apply. 


Note 2: Total temperature error is the overall error at 25°C taking into 
account the offset of the amplifier, the offset at the compensator 
10mVfOC 
output, and the error in the compensator 
divider network. Warmup drift is 
not included. 


Note 3: Slope error is the increase in total temperature error as ambient 
temperature 
is increased. It is guaranteed by design and by other tests, but 
is not tested directly. 


Note 4: This is a worst-case limit assuming that any or all supply voltages 
change. 


Note 5: Guaranteed, but not tested. 


Note 6: By referring common-mode range to the supplies, the range 
referred to ground can be quickly calculated for any given supply voltage. 
With a single 5V supply, for instance, which has a worst-case low value of 
4.7V, the upper common-mode limit is 4.7V -1V = 3.7V.The lower common· 
mode limit is OV+ 0.75V = 0.75V. With ± 15V supplies, the limits would be 
+ 14V and -14.25V, respectively. Common·mode range has a temperature 
sensitivity of =2mV/oC. 


Note 7: Absolute output voltage swing is calculated by subtracting 
the 


given limits from actual supply voltage. These limits indicate the point 
where offset voltage has changed suddenly by 5~V. 


Note 8: Temperature error is defined as the deviation from the following 
formula: 


VOUT=a(T}+cr~(T -25°Cf 
a = Typical thermoucouple 
Seebeck coefficient 
as follows, E= 60.9~VfoC, 
J =51.7~VfoC, K, T =40.6~VfoC, R, S = 5.95~VloC. a= 10mV/oC althe 10mV 
output. 


~ = Nonlinearity coefficient 
built into the LT1025 to help compensate for 
the nonlinearities 
of thermocouples. 
~ = 5.5 X 10-4, generating O.34°C bow 
for 25°C temperature change, and 1.36°C bow for 50°C change. 


Note 9: Temperature error at the individual outputs is the sum of the 
10mV/oC output error plus the resistor divider error. 


Note 10: Line and load regulation do not take into account the effects of 
self·heating. Output changes due to self-heating can be calculated 
as 
follows: 


llVOUT(Line) = llV1N(lq+ Ilo.eIl(150oCIW) 
IIYour (Load) = (llilo.d) (VIN) (150°CIW) 
Iq = LT1025 supply current 
Load regulation is 30~A$lo$1mA 
forTA$O°C. 


Note 11: Larger errors with type Rand S thermoucouples 
are due mostly to 


35~V offset of the amplifier. This error can be reduced to 5~V max with the 
LTC1050 or LTC1052 operational amplifiers. 


PACKAGE DESCRIPTiOn 
Dimensions in inches (millimeters) unless otherwise noted. 


H Package 
J Package 
8 Lead TO·SMetal Can 
8 Lead Hermetic DIP 
N Package 
8 Lead Molded DIP 
(:~)Jt 
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I 
~ 
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(::)~ 
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1 
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~ 
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O 


lrBlr"llsll 
! 


0250",0.010 


~O.2~) 


I 
2 
3 
4 


I 


0.325 ~~,~~~ 


8255+00635)-1 


. 
-0381 
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• 80llA Supply Current 
• 4Vto 36VOperation 
• 0.5°C Initial Accuracy (AVersion) 
• Compatible with Standard Thermocouples 
(E, J, K, R, S, T) 
• Auxiliary 10mV/oCOutput 


• Thermocouple Cold Junction Compensator 
• Centigrade Thermometer 
• Temperature Compensation Network 


LT1025 


Micropower 
Thermocouple 
Cold Junction Compensator 


The LT1025 is a micropower thermocouple cold junction 
compensator for use with type E, J, K, R, S, and T thermo- 
couples. It utilizes wafer level and post-package trimming 
to achieve 0.5°C initial accuracy. Special curvature correc- 
tion circuitry is used to match the "bow" found in all 
thermocouples so that accurate cold junction compensa- 
tion is maintained over a wider temperature range. 


The LT1025will operate with a supply voltage from 4V to 
36V.Typical supply current is 80IlA, resulting in less than 
0.1°C internal temperature rise for supply voltages under 
10V.A 10mV/oC output is available at low impedance, in 
addition to the direct thermocouple voltages of 60.9IlV/oC 
(E),51.7IlV/oC(J),40.3IlV/oC(K, T) and 5.95IlV/oC(R, S). All 
outputs 
are essentially 
independent of power supply 
voltage. 


A special kit is available (LTK001) which contains an 
LT1025and a custom tailored thermocouple amplifier. The 
amplifier and compensator are matched to allow a much 
tighter specification of temperature error than would be 
obtained by adding the compensator and amplifier errors 
on a worst·case basis. The amplifier from this kit is avail· 
able separately as LTKAOx. 


The LT1025is available in an 8 pin plastic mini DIPfor tem- 
peratures between O°C and 70°C. A ceramic miniDIP is 
also available for - 55°C to + 125°C operation. 


E 6091'V/~C 


V1N 
J51.7pV/OC 


Type K 10mV/oC Thermometer 


R2 
R3" 
1000 
255k 
FULL-SCALETRIM 
1% 
IIII 


°R4 
S 
~. 
R4 
1$ NOT 
REOUIRED 
(OPEN) 
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LT1025 TEMPERATURES ~O°C 


"SELECTED FOR Q·C-l(X)°C 
RAHGE 


ttQl=l EOUIVALENT. SEE "AMPLIFIER 
CONSIDERATIONS" 


Input Supply Voltage 
36V 
Output Voltage 
(Forced) 
5V 
Output Short Circuit 
Duration 
Indefinite 
Operating 
Temperature 
Range 
LT1025AC, LT1025C 
O°C to + 70°C 
LT1025AM, LT1025M 
- 55°C to + 125°C 
Storage Temperature 
Range 
- 55°C to + 150°C 
Lead Temperature 
(Soldering, 
10 sec) 
300°C 


ORDER PART 
NUMBER 


LT1025AMJ8 
LT1025MJ8 
LT1025ACN8 
LT1025CN8 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Temperature Error at 
TJ:25°C 
10mV/oC Output (Notes 3, 4) 
LT1025A 
0.3 
0.5 
°C 
LT1025 
0.5 
2.0 
°C 


Full Temperature Span 
• 
See Curve 


Resistor Divider Accuracy 
Vour: 
10mV/oC 
(Notes 1,3) 
LT1025A 
E 
60.6 
60.9 
61.3 
~V/oC 
J 
51.4 
51.7 
52.1 
~V/oC 
K,T 
40.3 
40.6 
41.0 
~V/oC 
R,S 
5.8 
5.95 
6.2 
~V/oC 


LT1025 
E 
60.4 
60.9 
61.6 
~V/oC 
J 
51.2 
51.7 
52.3 
~V/oC 
K,T 
40.2 
40.6 
41.2 
~V/oC 
R,S 
5.75 
5.95 
6.3 
~V/oC 


Supply Current 
4VsV1Ns36V 
50 
80 
100 
~ 
LT1025AC, LT1025C 
• 
50 
150 
~ 
LT1025AM, LT1025M 
• 
200 
~ 
Line Regulation (Note 2) 
4V<V1N<36V 
• 
0.003 
0.02 
°CN 


Load Regulation (Note 2) 
Oslos1mA 
• 
0.04 
0.2 
°C 


Divider Impedance 
E 
2.5 
kO 
J 
2.1 
kO 
K,T 
4.4 
kO 
R,S 
3.8 
kO 


Change in Supply Current 
4VsV1Ns36V 
0.01 
0.05 
~AN 


The. 
denotes the specifications 
which apply over the full operating 
temperature range. 


Note 1: Divider accuracy is measured by applying a 10.DOOVsignal to 
the output divider and measuring the individual outputs. 


Note 2: Regulation does not include the effects of self·heating. See 
"Internal Temperature Rise" in Application 
Guide. Load regulation is 
3O~Aslos1mA 
forTAsO°C. 


Note 3: To calculate total temperature error at individual thermocouple 
outputs, add 10mV/oC output error to the resistor divider error. Total error 
for type K output at 25°C with an LT1025A is 0.5°C plus (O.4~Vl°C)(25°C) I 
(40.6~Vl°C) : 0.5°C + 0.25°C : 0.75°C. 


Note 4: Temperature error is defined as the deviation from the following 
formula: Vour: 
10mV(T)+(10mV)(5.5x 10-')(T -250C)2. The second term is 
a built-in nonlinearity designed to help compensate the nonlinearity of the 


cold junction. 
This "bow" is ~O.34°C for a 25°C temperature change. 
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The LT1D25 was designed to be extremely easy to use, but 
the following 
ideas and suggestions 
should be helpful in 
obtaining 
the best possible 
performance 
and versatility 
from this new cold junction 
compensator. 


Theory of Operation 


A thermocouple 
consists 
of two dissimilar 
metals joined 
together. A voltage (Seebeck EMF) will be generated if the 
two ends of the thermocouple 
are at different 
tempera- 
tures. In Figure 1, iron and constantan 
are joined at the 
temperature 
measuring 
point T1. Two additional 
thermo- 
couple 
junctions 
are formed 
where the iron and con- 
stantan connect to ordinary copper wire. For the purposes 
of this discussion 
it is assumed that these two junctions 
are at the same temperature, 
T2. The Seebeck voltage, Vs, 


is the product of the Seebeck coefficient 
a, and the tern· 
perature 
difference, 
T1 - T2; Vs = a (T1 - T2). The junc- 
tions at T2 are commonly 
called the cold junction 
because 
a common 
practice 
is to immerse the T2 junction 
in DOC 
ice/water slurry to make T2 independent 
of room tempera- 
ture variations. 
Thermocouple 
tables are based on a cold- 
junction temperature 
of DOC. 


To date, IC manufacturers 
efforts to make microminiature 
thermos 
bottles 
have not been totally 
successful. 
There- 


fore, an electronically 
simulated 
cold-junction 
is required 
for most applications. 
The idea is basically 
to add a tem- 
perature dependent 
voltage 
to Vs such that the voltage 
sum is the same as if the T2 junction 
were at a constant 
DOC instead of at room temperature. 
This voltage source is 
called a cold junction 
compensator. 
Its output is designed 
to be DV at DOC and have a slope equal to the Seebeck 
coefficient 
over the expected range of T2 temperatures. 
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\ 
LTt025 
MUST BE LOCATEO 
NEXT TO COLO JUNCTION 
FOR TEMPERATURE TRACKING IIII 


To operate properly, a cold junction 
compensator 
must be 
at exactly the same temperature 
as the cold junction 
of 
the thermocouple 
(T2). Therefore, it is important 
to locate 
the LT1025 physically 
close to the cold junction 
with loca/ 
temperature 
gradients 
minimized. 
If this is not possible, 


an extender made of matching 
thermocouple 
wire can be 


used. This shifts the cold junction from the user termina· 
tion to the end of the extender so that the LT1025 can be 
located remotely from the user termination as shown in 
Figure 2. 
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Figure 2 


The four thermocouple 
outputs 
on the 
LT1025 are 
60.9/lV/oC (E), 51.7/lV/oC (J), 40.6/lV/oC (K and T), and 
6/lV/oC(Rand S).These particular coefficients are chosen 
to match the room temperature (25°C)slope of the thermo- 
couples. Over wide temperature ranges, however, the 
slope of thermocouples changes, yielding a quasi-para- 
bolic error compared to a constant slope. The LT1025 
outputs have a deliberate parabolic "bow" to help com- 
pensate for this effect. Theoutputs can be mathematically 
described as the sum of a linear term equal to room tem· 
perature slope plus a quadratic term proportional to 
temperature deviation from 25°C squared.The coefficient 
(fj) of the quadratic term is a compromise value chosen to 
offer improvement in all the outputs. 


Your: aT+a~(T- 25°)2 


~",5.5x 10-4 


The actual ~ term which ..."ouldbe required to best com- 
pensate each thermocouple type in the temperature range 
ofO°C to 50°C is: E,6.6x 10-4; J, 4.8x 10-4; K,4.3x 10-4; 
R,1.9x 1Q-3;S, 1.9x10-3;T, 
1x10-3. 


The temperature error specification for the LT1025 
10mV/oCoutput (shown as a graph) assumes a (J of 
5.5x 10-4. 
For example, an LTt025 is 
considered 


"perfect" 
if 
its 
10mV/oC output fits 
the equation 
Va= 10mV(T)+ (10mV)(5.5xto-4)(T -25°Cj2. 


Operating at Negative Temperatures 


The LT1025is designed to operate with a single positive 
supply. It therefore cannot deliver proper outputs for tem- 
peratures below zero unless an external pull-down resistor 
is added to the Vo output. This resistor can be connected 
to any convenient negative supply. Itshould be selected to 
sink at least 30/lA of current. Suggested value for a - 5V 


supply is 150kO,and for a -15V supply, 470kO.Smaller re- 
sistors must be used if an external load is connected to 
the 10mV/oCoutput. The LT1025can source up to 1mA of 
current, but there is a trade-off with internal temperature 
rise. 


Internal TemperatureRise 


The LT1025is specified for temperature accuracy assum· 
ing no internal temperature rise. At low supply voltages 
this rise is usually negligible ('" 0.05°C@5V),but at higher 
supply voltages or with external loads or pull·down cur· 
rent, internal rise could become significant. This effect 
can be calculated 
from a simple thermal 
formula, 
~T= (8JA) (V+) (10+ IL), where 8JA is thermal resistance 
from junction to ambient, ('" 130°CIW),V+ is the LT1025 
supply voltage, 10 is the LT1025supply current (",80/lA), 
and IL is the total load current including actual load to 
ground and any pull-down current needed to generate 
negative outputs. A sample calculation with a 15Vsupply 
and 50/lA pull·down current would yield, (1300CIW)(15V) 
(80+ 50/lA)= 0.32°C. This is a significant rise in some ap· 
plications. It can be reduced by lowering supply voltage (a 
simple fix is to insert a 10Vzener in the VIN lead) or the 
system can be calibrated and specified after an initial 
warm-up period of several minutes. 


Driving External Capacitance 


The direct therof,ocouple drive pins on the LT1025(J, K, 
etc.) can be loaded with as much capacitance as desired, 
but the 10mV/oCoutput should not be loaded with more 
than 50pF unless external pull-down current is added, or a 
compensation network is used. 


Thermocouple Eftects in Leads 


Thermocouple volta~es are generated wheneverdissimilar 
materials are joined. This includes the leads of IC pack· 
ages, which may be kovar in TO-5cans, alloy 42 or copper 
in dual·in·line packages, and a variety of other materials in 
plating finishes and solders. The net effect of these ther- 
mocouples is "zero" if all areat exactly the same tempera· 
ture, but temperature gradients exist within IC packages 
and across PC boards whenever power is dissipated. For 
this reason, extreme care must be used to ensure that no 
temperature gradients exist in the vicinity of the thermo- 
couple terminations, the LT1025,or the thermocouple am- 
plifier. If a gradient cannot be eliminated, leads should be 


positioned 
isothermally, 
especially 
the LT1025 R- 
and 
appropriate 
output pins, the amplifier 
input pins, and the 
gain setting 
resistor 
leads. An effect to watch for is am- 
plifier offset voltage warm-up drift caused by mismatched 
thermocouple 
materials 
in the wire-bondllead 
system of 
the IC package. This effect can be as high as tens of mi- 
crovolts in TO-5 cans with kovar leads. It has nothing to do 
with the actual offset 
drift specification 
of the amplifier 
and can occur in amplifiers 
with measured 
"zero" 
drift. 


Warm-up drift is directly 
proportional 
to amplifier 
power 
dissipation. 
It can be minimized 
by avoiding 
TO-5 cans, 


using low supply current amplifiers, 
and by using the low- 


est possible supply voltages. 
Finally, it can be accommo- 
dated by calibrating 
and specifying 
the system after a five 
minute warm-up period. 


Reversing the Polarity of the 10mV/oCOutput 


The LT1025 can be made to "stand on its head" to achieve 
a minus 10mV/oC output 
point. This is done as shown in 
Figure 3. The normal output (Vo) is grounded and feedback 
is established 
between the ground 
pin and the positive 
supply 
pin by feeding 
both of them with currents 
while 
coupling 
them with a 6V zener. The ground pin will now be 
forced by feedback to generate 
-10mV/oC 
as long as the 
grounded output is supplying a net "source" current into 
ground. This condition 
is satisfied 
by selecting 
R1 such 
that the current through 
R1 (1-) is more than the sum of 
the LT1025 supply current, the maximum load current (Ill, 
and the 
minimum 
zener current 
(::: 50IlA). R2 is then 
selected to supply more current than 1-. 
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Figure 3 


R1= 
V- 
R2= 
V+-Vz(",,6V) 
300ilA + IL 
V-/R1 + 280llA 


For ± 15V supplies, with IL= 20llA maximum, 
R1 = 47k and 
R2 = 15k. 


Amplifier Considerations 


Thermocouple 
amplifiers 
need very low offset voltage and 
drift, and fairly low bias current if an input filter is used. The 
best precision bipolar amplifiers 
should be used for type J, 


K, E, and T thermocouples 
which have Seebeck coefficients 
of 40-60IlV/oC. In particularly 
critical 
applications 
or for R 
and S thermocouples 
(6-15IlVfOC), a chopper-stabilized 
am- 
plifier is required. Linear Technology offers three amplifiers 
specifically 
tailored 
for thermocouple 
applications. 
The 
LTKAOx is a bipolar 
design 
with 
extremely 
low offset 
«351lV), low drift « 1.5IlV/°C), very low bias current « 1nA), 
and almost 
negligible 
warm-up 
drift 
(supply 
current 
is 


:::400~). 
It is very cost effective even when compared with 
"jellybean" 
op amps with vastly inferior specifications. 


For the most demanding 
applications, 
the LTC1050 and 
LTC1052 CMOS chopper-stabilized 
amplifiers 
offer 51lVoff- 
set and O.05IlV/oCdrift (even over the full military tempera- 
ture range). Input bias current is 30pA, and gain is typically 
30 million. These amplifiers 
should be used for Rand 
S 
thermocouples, 
especially 
if no offset adjustments 
can be 
tolerated, 
or 
a 
large 
ambient 
temperature 
swing 
is 
expected. 


Regardless of amplifier 
type, it is suggested 
that for best 
possible performance, 
dual-in·line (DIP) packages be used 
to avoid thermocouple 
effects 
in the kovar leads of TO-5 
metal can packages 
if amplifier 
supply current 
exceeds 
500IlA. These leads can generate both DC and AC offset 
terms in the presence of thermal gradients 
in the package 
and/or external air motion. 


In many situations, 
thermocouples 
are used in high noise 
environments, 
and some sort of input filter 
is required. 


(See discussion 
of input filters). 
To reject 60Hz piCk-up 
with reasonable 
capacitor 
values, input resistors 
in the 
10k-100k range are needed. Under these conditions, 
bias 
current for the amplifier needs to be less than 1nA to avoid 
offset and drift effects. 


To avoid gain error, high open loop gain is necessary 
for 
single-stage 
thermocouple 
amplifiers 
with 
10mVfOC or 
higher 
outputs. 
A type 
K amplifier, 
for 
instance, 
with 


III 


100mV/oC output, needs a closed loop gain of :::2,500. An 
ordinary 
op amp with 
a minimum 
open loop of 50,000 
would 
have an initial 
gain error of (2,500)/(50,000)= 5%! 
Although closed loop gain is commonly trimmed, tempera- 
ture drift of open loop gain will have a very deleterious 
ef- 
fect on output 
accuracy. 
Minimum 
suggested 
open loop 
gain for type E, J, K, and T thermocouples 
is 250,000. This 
gain is adequate 
for type Rand 
S if output 
scaling 
is 
10mVJOCor less. 


Suggested Amplifier 
Types 


SUPPLY VOLTAGE 
THERMOCOUPLE 
:t15V 
:t5V 
SINGLE SUPPLY 


E,J, K, T 
LTKAOx 
LTKAOx 
LTC1050 
LT1012 
LT1012 
LTC1052 
LT1001 
LT1001 
LT1006 
LTC1050 
LTC1052 
LT1006 


R,S 
LTKAOx 
LTC1050 
LTC1050 
LT1012 
LTC1052 
LTC1052 
LTKAOx 
LT1006 


Thermocouple 
Nonlinearities 


Thermocouples 
are linear over relatively 
limited tempera- 
ture spans if accuracies 
of better than 2°C are needed. 


The graph in Figure 4 shows thermocouple 
nonlinearity 
for 
the temperature 
range of 0°C-400°C. 
Nonlinearities 
can 
be dealt with in hardware by using offsets, breakpoints, 
or 
power series generators. 
Software solutions 
include look- 


up tables, 
power series expansions, 
and piece-wise 
ap- 
proximations. 
For tables 
and power series coefficients, 


the reader is referred to the ASTM Publication 
470A. 


Hardware correction 
for nonlinearity 
can be as simple as 
an offset term. This is shown in Figure 5. The thermocou- 
ple shown in the figure has an increasing 
slope (a) with 
temperature. 
The temperature 
range of interest is between 
TLand TH,with a calibration 
point at TM. If a simple ampli- 
fier is used and calibrated 
at TM, the output 
will be very 
high at TL and very low at TH. Adding the proper offset 
term and calibrating 
at T1/6 or T5/6 can significantly 
re- 
duce errors. The technique 
is as follows: 


1. Calculate amplifier gain: 


G= (SF)(TH- 
TL)/(VH-VLl 


SF = Output scale factor, e.g., 10mV/oC 
VH= Thermocouplfil output 
@ TH 
VL= Thermocouple 
output @ TL 
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Figure 4. Thermocouple 
NonlinearitY,O·C-400·C 
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2. Use precision 
resistors to set gain or calibrate 
gain by 
introducing 
a precision 
"delta" 
input 
voltage 
and 
trimming 
for proper "delta" 
output. 


3. Calibrate 
output by adding in a true offset term which 
does not affect 
gain (by summing, 
etc.). Calibration 
may be done at any temperature 
either by immersing 
the thermocouple 
in a calibrated 
bath or by substitut- 
ing a precision 
input voltage. The method which tends 
to minimize 
worst-case 
error over the whole TL to TH 
range is to calibrate 
at 1/6 or 5/6 of span. This may be 
modified 
if best accuracy 
is desired at one particular 
point. 


Breakpoint 
correction 
for 
nonlinearity 
is more compli- 
cated than a simple offset, but a single breakpoint 
com- 
bined with offset will reduce errors typically 
by 4:1 over a 
simple offset technique. 
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Grounded Thermocouple * 
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TO 0.1.F 
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INTERNAL TEMPERATURE 
RISE 
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BEST ACCURACY, THERMOCOUPLE 
RESISTANCE SHOULO BE LESS' THAN 1000. 


ttOR 
EQUIVALENT. SEE "AMPLIFIER 
CONSIDERATIONS" 
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R2 FOR VOUT=9.998V@T=1000·C. 
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OF AMPLIFIER ~9.S8SmV 


tTHIS 
AMPLIFIER 
HAS A OELIBERATE OFFSET TO ALLOW OUTPUT SLOPE (10mV/·C) 
TO BE SET 
INDEPENDENTLY FROM AN ARBITRARY HIGH TEMPERATURE CENTER POINT (1000·C). 
THIS IS 
REOUIREO BECAUSE THE SLOPE OF TYPE "S" 
THERMOCOUPLES VARIES RAPIOLY WITH 
TEMPERATURE, INCREASING FROM 6"V/·C@2S·C 
TO ""V/·C@1000·C. 
NONLINEARITY 
LIMITS 
ACCURACY TO = 3·C OVER THE BOO·C TO 1200·C 
RANGE EVEN WITH OFFSET CORRECTION. 


'FOR BEST ACCURACY, THERMOCOUPLE RESISTANCE 


SHOULO BE LESS THAN 500. 


"SELECTED 
FOR O·C TO 200·C 
RANGE. 


tlOR 
EOUIVALENT. SEE "AMPLIFIER 
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Switched-CapacitorBuildingBlock 


• Instrumentation 
Front End with 120dB CMRR 
• Precise, Charge-Balanced 
Switching 
• Operates from 3V to 18V 
• Internal or External Clock 
• Operates up to 5MHz Clock Rate 


• Low Power 
• Two Independent 
Sections with One Clock 


• Precision Instrumentation 
Amplifiers 
• Ultra Precision Voltage Inverters, 
Multipliers 
and 
Dividers 
• V-F and F-V Converters 
• Sample and Hold 
• Switched-Capacitor 
Filters 


DESCRIPTion 


The LTC1043 is a monolithic, 
charge-balanced, 
dual 
switched-capacitor 
instrumentation 
building 
block. 
A 
pair of switches alternately connects an external capaci- 
tor to an input voltage and then connects the charged ca- 
pacitor across an output port. The internal switches have 
a break-before-make 
action. An internal clock is provided 
and its frequency can be adjusted with an external capac- 
itor. The LTC1043 can also be driven with an external 
CMOS clock. 


The LTC1043, when used with low clock frequencies, 
provides ultra precision 
DC functions 
without 
requiring 
precise 
external 
components. 
Such functions 
are dif- 
ferential voltage to single-ended 
conversion, 
voltage in- 


version, voltage multiplication 
and division by 2, 3, 4, 5, 


etc. The LTC1043 can also be used for precise V-F and 
F-V circuits 
without trimming, 
and it is also a building 
block 
for 
switched-capacitor 
filters, 
oscillators 
and 
modulators. 


The LTC1043 is manufactured 
using Linear Technology's 
enhanced LTCMOS™ silicon gate process. 


20 
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lk 
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lOOk 


FREQUENCY OF COMMON·MODE 
SIGNAL 


CMRR> 
l20dB 
AT DC 


CMRR> 
l20dB 
AT 60Hz 


DUAL SUPPLY OR SINGLE 5V 


GAIN=l+R2IRl 


Vas = 15D.V 


,aVOS z2,.VlaC 


AT 


COMMDN·MODE 
INPUT VOLTAGE INCLUDES THE SUPPLIES 


Supply Voltage (V+ to V-) 
18V 
Input Voltage 
at Any Pin 
V- 
-O.3V:5VIN 
:5V+ 
+O.3V 
Operating Temperature Range 
LTC1043C 
-40°C:5TA:585°C 
LTC1043M 
-55°C:5TA:5125°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


ORDER PART 
NUMBER 


LTC1043CN 
LTC1043MD 


SYMBOL 
CONDITIONS 
LTC1043M 
LTC1043C 
UNITS 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Is 
Power Supply 
Current 
Pin (16) Connected 
High or Low 
025 
04 
0.25 
04 
mA 
• 
07 
07 
mA 


Case (Pin 16 to V 
) = 100pF 
0.4 
0.65 
0.4 
065 
mA 
• 
1 
1 
mA 


II 
OFF Leakage 
Current 
Any Switch, 
Test Circuit 
1 (Note 1) 
6 
100 
6 
100 
pA 
• 
6 
500 
6 
nA 


RON 
ON Resistance 
Test Circuit 
2. VIN=7V. 
1= ±05mA 
240 
400 
240 
400 
fl 
V+=10V, 
V-=OV 
• 
700 
700 
fl 


RON 
ON Resistance 
Test Circuit 
2, VIN=3.1V, 
1= ±0.5mA 
400 
700 
400 
700 
fl 
V+ =5V, 
V- 
=OV 
• 
1 
1 
kfl 


fose 
Internal 
Oscillator 
Frequency 
Case (Pin 16 to V 
)=OpF 
185 
185 
kHz 
Cosc(Pin 
16 to V-) 
= 100pF 
20 
34 
50 
20 
34 
50 
kHz 


Test Circuit 
3 


• 
15 
75 
15 
75 
kHz 


lose 
Pin Source 
or Sink Current 
Pin 16atV+ 
orV 
40 
70 
40 
70 
~ 
• 
100 
100 
~ 


Break-Before-Make 
Time 
25 
25 
ns 


Clock to Switching 
Delay 
Case Pin Externally 
Driven 
75 
75 
ns 


fM 
Maximum 
External 
CLK Frequency 
Case Pin Externally 
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Levels 


CMRR 
Common-Mode 
Rejection 
Ratio 
V+ =5V, 
V 
= -5V, 
-5V<VeM<5V, 
DC 
120 
120 
dB 
to 400Hz 


The. 
denotes 
the specifications 
which 
apply 
over the full operating 


temperature 
range: 
LTC1043M 
operates 
from 
- 55°C ,;TA,; 
125°C; 


LTC1043C 
opere I,; from 
-40°C 
,;TA,;85°C. 
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THE CHARGE BALANCING 
CIRCUITRY 
SAMPLES 
THE VOLTAGE 
AT S3 WITH RESPECT TO S4 (PIN 16 HIGH) AND INJECTS A 
SMALL 
CHARGE ATTHE 
C + PIN (PIN 16 LOW). 
THIS BOOSTS THE CMRR WHEN THE LTC1043 
IS USED AS AN 
INSTRUMENTATION 
AMPLIFIER 
FRONT END. 


FOR MINIMUM 
CHARGE INJECTION 
IN OTHER TYPES OF 
APPLICATIONS, 
S3A AND S3B SHOULD BE GROUNDED. 


IIIII 
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V+ 
£P 
I 
V- 
I¥' 
I. 
.J 


THE SWITCHES 
ARE TIMED AS SHOWN WITH PIN 16 HIGH 


NOTE: 
TO OPEN SWITCHES 
Sl 
ANO S3 
SHOULD 
BE CONNECTED 
to V - 
TO OPEN S2, S4, 


Cosc 
PIN SHOULD 
BE 


TO V+. 
Cosc 


':' 
CMRR=20 
LOG (VCM) 


vOUT 
NOTE: 
FOR OPTIMUM 
CMRR, THE Cosc SHOULD 
BE LARGER THAN 0.oo47"F. 
AND 


THE SAMPLING 
CAPACITOR ACROSS 


PINS 11 AND 12 SHOULD BE PLACED 
OVER A SHIELD TIED TO PIN 10. 


APPLICATions inFORmATion 


Common-Mode 
Rejection Ratio (CMRR) 


The LTC1043, when used as a differential to single-ended 
converter 
(Figure 
1) rejects common-mode 
signals 
and 
preserves 
differential 
voltages, 
Unlike other techniques, 
the LTC1043's 
CMRR does not degrade with increasing 
common-mode 
voltage frequency, 
During the sampling 
mode, the impedance of pins 2, 3 (and 11, 12) should be 
reasonably 
balanced, 
otherwise, 
common-mode 
signals 
will appear differentially. 
The value of the CMRR depends 
on the value of the sampling and holding capacitors (Cs , 
CH) and on the sampling frequency. 
Since the common- 
mode voltages are not sampled, the common-mode 
signal 
frequency 
can well exceed the sampling 
frequency 
without 
experiencing 
aliasing phenomena. The CMRR of Figure 1 


III 


is measured by shorting pins 7 and 13 and by observing, 
with a precision DVM, the change of the voltage across CH 
with respect to an input CM voltage variation. During the 
sampling and holding mode, charges are being transferred 
and minute 
voltage 
transients 
will 
appear across 
the 
holding capacitor. Although the RONon the switches is low 
enough to allow fast settling, as the sampling frequency in- 
creases, 
the rate of charge transfer 
increases and the 
average voltage measured with a DVM across it will in- 
crease proportionally; 
this causes the CMRR of the sam- 
pled data system, as seen by a "continuous" 
instrument 
(DVM), to decrease, Figure 2. 


Switch Charge Injection 


Figure 3 shows 
one out of the eight switches 
of the 
LTC1043, configured as a basic sample and hold circuit. 
When the switch opens, a "hold step" is observed and its 
magnitude 
depends on the value of the input voltage. 
Figure 4 shows charge injected into the hold capacitor. For 
instance, a 2pCb of charge injected intoa 0.011lF capacitor 
causes a 200llV hold step. As shown in Figure 4, there is a 
predictable 
and repeatable charge injection cancellation 
when the input voltage is close to half the supply voltage of 
the LTC1043. This is a unique feature of this product, con- 
taining charge-balanced 
switches fabricated with a self- 
aligning gate CMOS process. Any switch of the LTC1043, 
when 
powered 
with 
symmetrical 
dual 
supplies, 
will 
sample and hold small signals around ground without any 
significant error. 
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Figure 2. 
CMRR 
vs Sampling 
Frequency 


Shielding the Sampling 
Capacitor for Very High CMRR 


Internal or external parasitic capacitors from the C+ pin(s) 
to ground affect the CMRR of the LTC1043, (Figure 1). 
The common-mode 
error due to the internal junction ca- 
pacitances of the C+ pin(s) 2 and 11 is cancelled through 
internal circuitry. The C+ pin, therefore, sho'uld be used 
as the top plate of the sampling 
capacitor. The interpin 
capacitance between pin 2 and dummy pin 1 (11 and 10) 
appears in parallel with the sampling capacitor so it does 
not degrade the CMRR. A shield placed underneath the 
sampling capacitor (Figure 5) and connected to either pin 1 
or 3 helps to boost the CMRR in excess of 120dB. 


Excessive external parasitic capacitance between the C- 
pins 
and 
ground 
indirectly 
degrades 
CMRR; 
this 
becomes visible especially 
when the LTC1043 
is used 
with clock frequencies 
above 2kHz. Because of this, if a 
shield 
is used, the parasitic 
capacitance 
between 
the 
shield and circuit ground should be minimized. 


It is recommended 
that the outer plate of the sampling 
capacitor be connected to the C- 
pin(s). 


Input Pins, SCR Sensitivity 


An internal60n 
resistor is connected in series with the in- 
putoftheswitches(pins5,6, 
7,8,13,14,15, 
18)andit 
is included 
in the RON specification. 
When the input 
voltage exceeds the power supply by a diode drop, cur- 
rent will flow into the input pin(s). The LTC1043 will not 


l000PFT 


SAMPLE 
'=' 
v+~ 
HOLD TO PIN 16 
ov- 
__ 


latch until the input 
current 
reaches 2mA-3mA. 
The 
device will recover from the latch mode when the input 
drops 3V-4V 
below the voltage value which caused the 
latch. For instance, if an external resistor of 2000 is con- 
nected in series with an input pin, the input can be taken 
1.3V above the supply without latching the IC. The same 
applies for the C+ and C- 
pins. 


Case Pin (16), Figure 6 


The Case pin can be used with an external capacitor, 
Case, connected from pin 16 to pin 17, to modify the in- 
ternal oscillator frequency. If pin 16 is floating, the inter- 
nal 24pF capacitor plus any external interpin capacitance 
set the oscillator frequency 
around 190kHz with ± 5V 
supply. The typical performance 
characteristics 
curves 
provide the necessary information to set the oscillator fre- 


12 


2 
4 
6 
B 
10 
12 
14 
16 
VIN (V) 


Figure 4. Individual Switch 
Charge Injection vs Input 
Voltage 
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quency for various power supply ranges. Pin 16 can also 
be driven with an external clock to override the internal 
oscillator. Although standard 7400 series CMOS gates do 
not guarantee CMOS levels with the current source and 
sink requirements 
of pin 16, they will in reality drive the 
Case pin. CMOS gates conforming 
to standard B series 
output drive have the appropriate voltage levels and more 
than enough output current to simultaneously 
drive sev- 
eral LTC1043 Case pins. The typical trip levels of the 
Schmitt trigger, Figure 6, are given below. 
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TRIM SEQUENCE: 


SET SENSOR TO O°C VALUE. ADJUST ZERO 
FOR OV OUT. SET SENSOR TO 100°C 
VALUE. 
ADJUST GAIN FOR 1.000V 
OUT. SET SENSOR 
TO 400°C 
VALUE. 
ADJUST LINEARITY 
FOR 4.000V 
OUT. 


REPEAT AS REQUIRED. 
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PACKAGE DESCRIPTion 
Dimensions in inches (millimeters) 
unless otherwise noted. 


o Package 
18 Lead Side Brazed 


P9 
L :t 


0.008-0.015 


- 
(0.203-0.381) 


0.300 
(7.620) 


REF 


r 0.300-0.320 I 


1 r(7.620-8.,28)11A 
L 


0.009-0.015 j~ 
(0.22S-0.381) 


0.325 ~~.~~~ 


(8255 
+0.635) 
. 
-0.381 


0.910 
(23.114) 


MAX 


14 


t 


0.298 
(7569) 


MAX 


+ 


0.125 
(3.175) 


MIN 


0.020 -0.060 
(0.508-1.524) 
_t 


ljmax 
ei' 


LlC1043MO 
150·C 
100·C/W 


LlC1D43CO 
16O·C 
1oo·C/W 


N Package 
18 Lead Plastic DIP 


1:8 
r 


0.250±0.010 
(6.36O±0.254)L 


0.900 
~_ 


(22860) 


MAX 


0.065 
iU5i) 
t 
lYP 


0.130±0.005 
~- 
-- 


(3.302±0.'2~~,;-r- 


(3.175) 
MIN 


I.- 0.'00±0.0~0 L 


(2.540±0.254) 
0.018±0.003 
(0.457 ±0.076) 


I 


limax 


LlC1043CN 
_'_OO_·C_ 


eja 


100·C/W 


i7~lO~--D-u-a-l-p-re-c-iS-io-n-ln-st-r-~:-c-~-~-t:-~-i~-~ 
Switched-Capacitor 
Building Block 


DESCRIPTiOn 


• Instrumentation 
Front End with 120dB CMRR 
• Precise, Charge-Balanced Switching 
• Operates from 3V to 18V 
• Internal or External Clock 
• Operates up to 5MHz Clock Rate 
• Low Power 
• Two Independent Sections with One Clock 


• Precision Instrumentation 
Amplifiers 
• Ultra Precision Voltage Inverters, Multipliers and 
Dividers 
• V-F and F-V Converters 
• Sample and Hold 
• Switched-Capacitor 
Filters 


The LTC1043 
is a monolithic, 
charge-balanced, 
dual 


switched-capacitor 
instrumentation 
building 
block. 
A 
pair of switches alternately connects an external capaci- 
tor to an input voltage and then connects the charged ca- 
pacitor across an output port. The internal switches have 
a break-before-make 
action. An internal clock is provided 
and its frequency can be adjusted with an external capac- 
itor. The LTC1043 can also be driven with an external 
CMOS clock. 


The LTC1043, when used with low clock frequencies, 
provides ultra precision DC functions 
without 
requiring 
precise external components. 
Such functions 
are dif- 
ferential voltage to single-ended 
conversion, voltage in- 
version, voltage multiplication and division by 2, 3, 4, 5, 
etc. The LTC1043 can also be used for precise V-F and 
F-V circuits without trimming, 
and it is also a building 
block 
for 
switched-capacitor 
filters, 
oscillators 
and 
modulators. 


The LTC1043 is manufactured using Linear Technology's 
enhanced LTCMOS™ silicon gate process. 
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FREQUENCY OF COMMON-MODE 
SIGNAL 


CMRR> 
120dB AT DC 


CMRR> 
120dB AT 60Hz 


DUAL SUPPLY OR SINGLE 5V 


GAIN=1+R2IR1 


Vas = 150"V 


()"Vos 
",,"2/NJ"C 
"T 
COMMON-MODE 
INPUT VOLTAGE INCLUDES THE SUPPLIES 


Supply Voltage 
18V 
Input Voltage 
at Any Pin 
- 0.3V :5VIN:5V + + 0.3V 
Operating Temperature Range 
- 40oC:5TA:585°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


ORDER PART 
NUMBER 


LTC1043CS 


lTC1043C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Is 
Power Supply Current 
Pin 16 Connected High or low 
0.25 
0.4 
mA 
• 
0.7 
mA 


Cosc(Pin 16to Y-)= 
lOOpF 
0.4 
0.65 
mA 
• 
1 
mA 


II 
OFF leakage Current 
Any Switch, Test Circuit 1(Note 1) 
6 
100 
pA 
• 
6 
nA 


RON 
ON Resistance 
Test Circuit 2, YIN= 7Y, I = ± 0.5mA 
240 
400 
0 


Y· =10Y, Y- =OY 
• 
700 
0 


RON 
ON Resistance 
Test Circuit 2, YIN=3.1V, 1= ±0.5mA 
400 
700 
0 


Y· =5Y, Y- =OY 
• 
1 
kO 


losc 
Internal Oscillator Frequency 
Cosc(Pin 16toY-)=OpF 
185 
kHz 
Cosc(Pin 16to Y-) = 100pF 
20 
34 
50 
kHz 
TestCircuit3 
• 
15 
75 
kHz 


losc 
Pin Source or Sink Current 
Pin 16atY· 
orY- 
40 
70 
p.A 
• 
100 
p.A 


Break-Belore-Make- Time 
25 
ns 


Clock to Switching Delay 
Cosc Pin Externally Driven 
75 
ns 


1M 
Maximum External ClK Frequency 
Cosc Pin Externally Driven with CMOS levels 
5 
MHz 


CMRR 
Common-Mode Rejection Ratio 
Y· =5Y, Y- = -5Y, 
-5Y<YCM<5Y, 
DC 
120 
dB 
to 400Hz 


The. 
denotes specilications 
which apply over the full operating 
temperature range. lTC1043 operates Irom -4OoCsTAs85°C. 


Note 1: OFF leakage current is guaranteed but not tested at 25°C. 


• 300MHz3dB Bandwidth 
• 1% Accuracy DC-50MHz 
• 2% to 100MHz 
• Bandwidth Flat Over Input Voltage Range 
• 50:1Crest Factor 
• 20:1Dynamic Range 
• 35V Peak Input 
• Thermally Based Operation 
• Fully Specified Thermal and Electrical Parameters 
• Standard IC Packages 
• Resistive Inputs 


• Wideband RMSVoltmeters 
• RF Leveling Loops 
• Wideband AGC 
• High Crest Factor Measurements 
• SCR Power Monitoring 


LT1088 


Wideband 
RMS-DC Converter 
Building Block 


The LT1088is a thermally based RMS·DCconverter build- 
ing block. It converts the input waveform to heat. Using ex- 
ternal circuitry, the thermal signal is expressed as a DC 
output voltage. 


LTC's proprietary thermal 
packaging 
process permits 
accurate thermal signal processing in a standard IC pack· 
age. The thermal method provides far greater bandwidth 
than RMS converters based on logarithmic 
computing 
techniques. The LT1088's high voltage breakdown allows 
crest factor measurements of 50:1 and operation over a 
20:1 input dynamic range. Resistive inputs of 500 or 2500 
accommodate drive from a wide variety of sources. 


THERMALLY 
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THERMAL 
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INPUT FREOUENCY 
(MHz) 


Voltage on Any Pin 
V- +40V to V- 
Voltage from Channel A to Channel B 
100V 
Reverse Diode Voltage 
3.5V 
Forward Diode Current 
15mA 
Input Power (25°C) 
0.375W 
Peak Input Power (30see) 
0.435W 
Derate Power at - 3mW/oC above 25°C 
Maximum Die Temperature 
150°C 
Peak Die Temperature (30see) 
175°C 
Functional Temperature Range 
- 55°C to 125°C 
Operating Temperature Range 
- 40°C to 85°C 
Lead Temperature (Soldering, 10see) 
300°C 


ORDER PART 
NUMBER 


LT1088CD 
LT1088CN 


PARAMETER 


Input Heaters 


500 Input 
40 
50 
60 
0 


2500 Input 
200 
250 
300 
0 


500 Temperature Coefficient 
• 
2000 
ppm/oC 


2500 Temperature Coefficient 
• 
2000 
ppm/oC 


500 Temperature Coefficient 
Match 
Input A to Input B 
• 
30 
500 
ppm 


2500 Temperature Coefficient 
Match 
Input A to Input B 
• 
30 
500 
ppm 


Resistance Matching 
500 Inputs 
2 
10 
% 


2500 Inputs 
2 
10 
% 


2500 to 500 Ratio Match 
-15 
0 
5 
% 


2500 to 500 Ratio Match 
• 
50 
ppm/oC 
Temperature Coefficient 


Forward Voltage 
1=5mA 
0.6 
0.7 
0.8 
V 


Forward Voltage Match 
QutA to Out B; I =5mA 
• 
5 
mV 


Voltage Temperature Coefficient 
1=5mA 
• 
-1.6 
-1.75 
-1.9 
mViOC 


Thermal Resistance 
Either Die to Ambient 
I LT10BBCD 
• 
200 
300 
400 
°CIW 
LT1088CN 
• 
140 
210 
280 
°CIW 


Thermal Matching 
Channel A to Channel B 
• 
30 
°CIW 


Thermal Cross Talk 
Channel A to Channel B 
I LT1088CD 
• 
2500 
°CIW 
LT10BBCN 
• 
1750 
°CIW 


The. 
denotes specifications 
which apply over full operating temperature range. 


Note 1: All electrical testing conducted at 25°C. 
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Figure 4's Response vs 
Frequency-2500 
Input 
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LT1088 


Pin Functions 


AIN son, BIN son, AIN 250n, BIN 250n (Pins 2, 9, 3, 10): 
Heater input pins. Input and servo amplifier are connected 
to these pins. Since the LT1088 is symmetrical, 
either 
channel A or B may be used as the input. For higher input 
impedance, the 50n and 250n heaters may be series con· 
nected. No heater pin may be below Y- or more than 40Y 
above Y -. Maximum heater dissipation 
must not exceed 
the absolute maximum ratings. 


AIN COM, BIN COM (Pins 1, 8): Common point for the 50n 
and 250n input heaters, usually tied to ground. 
AOUT+, 
BOUT+ (Pins 12, 5): High side of the temperature 
sensing diodes. Normally they are driven at 5mA from the 
positive supply. No diode pin may be below Y - or more 
than 40Y above Y - . 
AOUT-, 
BOUT- 
(Pins 13, 6): Low side of the temperature 
sensing diodes. These pins are normally tied to ground. 
No diode pin may be below Y- 
or more than 40Y above 
Y-. 
V- (Pins 7, 14): These pins must be the most negative po- 
tential of the circuit, usually tied to ground. 


Parasitic Diodes 


As with 
all bipolar 
ICs the 
LT1088 contains 
parasitic 
diodes which must not be forward 
biased. The parasitic 
diodes, marked with asterisks, 
appear in Figure 1. The 


dashed lines indicate 
that all points of the heaters are 
parasitically 
diode connected to Y-. 


Thermal Considerations 


Because 
the 
LT1088's operation 
depends 
on thermal 
symmetry, 
it 
is 
sensitive 
to 
external 
temperature 
gradients. 
This is particularly 
the case for small inputs, 


which cause the device to run very close to ambient tem- 
perature. The device should be mounted in an area which 
is isothermal and free of drafts. Power generating compo- 
nents should be kept away from the LT1088 and particular 
caution 
taken 
in fan cooled 
equipment.· 
Under normal 
conditions 
no thermal baffle or enclosure 
is required. Un- 
der no circumstances 
should a heat sink be used. 


Heater Protection 


Most LT1088 failures will be caused by excessive 
heater 
drive. Input power (25°C) is specified 
at 375mW with 30 
second excursions to 435mW permitted. These figures are 
derated 
by - 3mW/OC above 25°C. Figure 2 plots safe 
operating 
limits for input duty cycle vs input voltage. Ac- 
cidental 
heater overdrives 
can damage 
or destroy 
the 
LT1088. In situations 
where overdrive 
may occur, some 
form of heater protection 
should be employed. Suggested 
circuits appear in the applications 
section. 
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Filtering 


The LT1088'sthermal time constant provides effective low 
pass filtering. Low frequency cut·off is set by servo loop 
time constants. For the 3300pF value given in the basic 
RMS·DCapplication, the circuit begins to follow the input 
below about 50Hz. Normally, this is not a problem, be· 
cause the LT1088's primary application will be at high 
frequency. Lower frequency operation is obtainable by in· 
creasing the 3300pF value, although settling time will in· 
crease proportionally. 


Crest Factor 


Crest factor is defined as the ratio of peak input voltage to 
RMS value. Crest factor performance is set by IC break- 
down limits and the usable low input power range. Break- 
down limits are a function of processing. The usable low 
input power range is a basic signal·to·noise conflict. Low 
input power produces small amounts of signal. This 
makes accurate, stable discrimination between desired in· 
puts and ambient thermal 
phenomena uncertain and 
noisy. These constraints set crest factor at 50:1for the 500 
input and 40:1for the 2500 input. 


Layout 


At frequencies above 10MHz, input connections require 
care. Parasitic inductance builds quickly in wire runs, so 


the LT1088's input heater lead should be directly con· 
nected to the source to be measured. It is also wise to 
shield the input line from the rest of the circuit. The heater 
common should be returned directly to a ground plane. An 
additional 
precaution 
is to mount the 0.01JlF bypass 
capacitors right at the LT1088package. These units mini· 
mize the effects of RF pick·up by the temperature sensing 
diodes. 


Accuracy 


Amplitude measurement at high frequency to significant 
accuracy is difficult because of parasitic effects. At fre· 
quencies much above 5MHz, small parasitic capacitive 
and inductive terms become important. The accuracy fig· 
ures quoted for the applications 
circuits 
were taken 
against certified standards utilizing direct and transfer 
techniques. 
Thermal transfer 
standards 
(Fluke Model 
540B with A·55 converters) certified to 50MHz were used 
as references. The data above 50MHz was also taken with 
these references, although the individual units used had 
not been certified at these frequencies. The accuracy of 
units of this type which have been certified is normally in- 
side the tolerances listed, so there is good probability the 
data is valid. 
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""THESE 
COMPONENTS IMPROVE SffiLiNG 
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EMITIER 
TO POINT "A". 


Accuracy: 
50n Input 
DC to 50MHz 
1% FS 
DCt0100MHz 
2% FS 
250n Input 
DC to 20MHz 
1% FS 
Temperature Effect on Accuracy 
100ppm/oC 
Dynamic Range 
20:1 (LT1088CD)/14:1(LT1088CN) 


Crest Factor: 
50n Input 
50:1 
250n Input 
40:1 
3dB Bandwidth 
300MHz 
Full·Scale Settling Time (1%) 
500ms (LT1088CD) 


.......... 
710ms (LT1088CN) 
Input Voltage Range (25°C) 
50nlnput 
, 
4.25V 
250n Input 
9.5V 


ZERO TRIM 
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5000 
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15V 
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FET =U440 
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·SELECT FOR A 1 
OUTPUT = OV WITH 
2k TRIM CENTERED AND 
INPUT GROUNDED. 


··SELECT 
FOR A2 


OUTPUT =OV AND 
INPUT GROUNDED. 


1% Error Bandwidth 


2500 Load 
500 Load 
Type of Buffer 
Slew Rate 
(:t10VoUT) 
(:t 5VOUT) 


Discrete-A: 
10 
3OOOV/~s 
25MHz 
32MHz 


LT1010Based-A: 
10 
1OOV/~s 
0.75MHz 
2MHz 


Discrete-A: 
1 
2000VI~s 
15MHz 
25MHz 


LT1010Based-A: 
1 
lOOV/~s 
O.75MHz 
2MHz 
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RF AMPliFIER 


15V 


.~ 


0.1,=, 


LEVELED 
OUTPUT 


WRMS 


III 


D Package 
14-Lead Sidebrazed ceramic DIP 


I 


0.298 
(7.569) 
MAX 
t 


PIN NO.1 
IOENT~ 


0.165 
(4.191) 
MAX 


F9 
-r. 


006 
- 
O 
:]015 
(0.203-0.381) 


0.300 
(7.620) 


REF 


N Package 


14-Lead Plastic DIP 


0.770 


(19.558) 


MAX 


11 


I 


0.300-0.320 
(7.620 -8.128)R 
L 


0.009-0.015t 
(0.229-0.381) 


0.325 ~~~~; 
18255 +0.635) 
~. 
-0.381 


• 7.5A Switch Capability 
• 
Low Series Drop « 
1.5V@7.5A) 
• 
Logic Input (Positive or Negative Logic) 
• Current Limited 
• Thermal Overload 
• 5mA Quiescent Current 
• 
10/LsRisetime 


LT1089 


High Side Switch 


The LT1089is a logic driven, high current, high side switch 
utilizing bipolar technology. The device is capable of driv· 
ing loads up to 7.5Awith a low series drop of only 1.5V,and 
the series drop is specified over the full range of switch 
currents. The device has internal current limiting and ther- 
mal overload protection. The input logic is designed so 
that the output can drive loads referenced either above or 
below the device ground pin. Either positive or negative 
logic can be used to drive the input. The device is available 
in both TO-3metal can and TO·220plastic packages. 


LT1089 Switch Voltage vs Output 
Current 
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ABSOLUTEmAXimum RATinGS· 
mAXimum OPERATinG 
SPECIFICATions • 
Switch Voltage (Vee- Your) 
30V 
Logic Input Voltage (VIN- GND) 
15V 
Logic Input Voltage Range (VIN) 
(Vee- 30V)<VIN <Vee 
Ground Pin Voltage Range (GND) . (Vee- 30V)<GND<Vee 
Operating Junction Temperature Range 


"M"Grades 
-55°C to 150°C 


"C" Grades 
O°Cto 125°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


Switch Voltage (Vee - Your) 
20V 
Logic Input Voltage (VIN- GND) 
5V 
Logic Input Voltage Range (VIN) 
(Vee - 20V)<VIN<Vee 
Ground Pin Voltage Range (GND). (Vee- 20V)<GND<Vee 


'Note: Absolute 
maximum ratings are those voltages that the device is 
rated to withstand 
on a transient 
basis without damage. Maximum operat- 
ing specifications 
are the maximum recommended 
operating voltages. 


The device is fully specified up to the maximum operating specifications. 
For voltages greater than the maximum operating specifications 
some de- 
vice parameters may exceed the data sheet limits. 


ORDER PART 
NUMBER 


LT1089MK 
LT1089CK 


FRONTVIEW 
ORDER PART 


5 
LOGICIN 
NUMBER 
0 


4 
V,N 
3 
VOUT 
2 
GND 
LT1089CT 
01 
NC 


T PACKAGE 
HEAD TO-220 


PARAMETER 
CONDITIONS (NOTE 1) 
MIN 
TYP 
MAX 
UNITS 


Output Saturation 
Voltage 
ISWITCH= 7.5A, (VIN- GND) = 5V 
• 
1.3 
1.5 
V 
4V <(Vcc- 
GND)<20V 


Input Voltage (VIN- GND) 
Switch ON, (Note 2) 
4V «Vcc- 
GND)<20V 
1.5 
V 
• 
2.4 
V 
Switch OFF, (Note 3) 
4V <(Vcc-GND)<20V 
1.5 
V 
• 
0.8 
V 


Input Current 
Switch ON, (VIN- GND) = 5V 
-20 
~A 
• 
-100 
~A 
Switch OFF, (V,N- GND) = OV 
0 
~A 
• 
±5 
~A 


Ground Pin Current 
Switch ON, (V1N- GND) = 5V 
3.5 
mA 
• 
5.0 
mA 
Switch OFF, (V,N-GND) 
= OV 
0 
~A 
• 
±20 
~A 
Output Current 
Switch OFF, (VIN- GND) = OV 
• 
5 
10 
mA 


Current Limit 
Switch ON, (VIN- GND) = 5V 
(Vcc-VouT)=5V 
• 
8.0 
9.5 
12.0 
A 


(Vcc - Your) = 20V 
• 
0.5 
1.0 
1.5 
A 


Turn-On Delay 
1 
~s 
• 
10 
~s 
Turn-Off Delay 
5 
~s 
• 
20 
~s 


Output Risetime 
RLOAD=40 
10 
~s 
• 
25 
~s 


PARAMETER 
CONDITIONS(NOTE 
1) 
MIN 
TYP 
MAX 
UNITS 


Output Falltime 
RLOAD = 40 (Note 4) 
10 
~s 
• 
25 
~s 


Thermal Resistance 
KPackage 
1.6 
°CflN 
T Package 
2.0 
°CflN 


The. 
denotes the specifications 
which apply over the full operating 


temperature range. 


Note 1: Unless otherwise specified, (Vcc - GND)= 20V and the output load 
is referred to the ground pin (GND) olthe device. Positive current values are 
defined to flow out of the device. 


Note 2: For input voltages greater than 2.4V the device is guaranteed to be 
turned on. 1.5V is the typical threshold at 25°C. 


Note 3: For input voltages less than o.BV, the device is guaranteed to be in 
an off state. 1.5V is the typical switch threshold at 25°C. 


Note 4: For reactive loads such as large capacitors, the output falltime will 
be determined by the load. 
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The logic and ground pins function as a differential logic 
input with a common-mode range of Vee to Vee- 20V and 
a differential 
threshold voltage (VLOGle- GND) of 1.5V. 


Note that if either Logic In or GND are left open the switch 
remains inactive. 


The LT1089must be protected against overvoltage at turn- 
off when driving inductive loads. The inductive flyback 
voltage can easily exceed the maximum operating switch 
voltage (Vee- VOUT)of 20V, potentially 
damaging the 
switch. The solution is to clamp the switch voltage to 20V 
or less with a zener diode. Remember that the switch can 
handle 7.5A and the zener may be required to handle the 
same amount of current. 


Care must be exercised when operating near the maxi- 
mum switch voltage. A high current or capacitive load may 
trip the current limit circuit at turn-on, thereby adversely 
affecting the risetime of VOUT.The risetime is then gov· 
erned by the current limit divided by the load capacitance, 
while the falltime is a function of the complex load. In 
addition, at switch voltages greater than 18V the switch 
current must be less than O.5Aor the device output will not 
pull up. Check the short circuit current characteristics for 
more detailed information. 
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are available from your local LTC 
Sales Representative, 
or by calling LTC Communications 
at 
(800) 637·5545. 
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Linear Technology Corporation offers a comprehensive se· 
lection of precision voltage references, operational ampli· 
fiers, voltage regulators, comparators, and CMOS circuits 
designed specifically to serve the rigorous requirements of 
the military marketplace. 


The company's specification 
system and quality proce- 
dures and policies were set up from the beginning to meet 
the exacting demands of MIL·Q·9858 (Quality Program 
Requirements), MIL·I-45208 (Inspection 
System Require- 


ments), MIL·M-38510 (General Specification 
For Microcir· 
cuits) and MIL-5TD-883 (Test Methods and Procedures For 
Microelectronics). 


Compliance to these specifications 
is a statutory require· 
ment for all employees at Linear Technology. The programs 
now in place that serve the varied requirements for ground, 
sea, air, and space applications include: 


• JANS 
• JAN B 
• Standard Military Drawings (SMD) 
• Hi-Rei(SCD) 
• 883 


Linear Technology JAN 


At the end of 1969,the Solid State Applications Branch of 
the Rome Air Development Center (RADC) issued the first 
copy of MIL-M·38510.This general specification for micro- 
circuits established the procedures that a manufacturer 
must follow to have his products listed on the Qualified 
Parts List (QPL). 


One major problem faced by defense contractors 
using 
semiconductor devices was the inability to interchange de· 
vices caused by a proliferation of non·standard electrical 
specifications. 
The 38510 (JAN) program addressed this 
problem by publishing 
detailed electrical 
specifications 
(slash sheets) for each component to be listed on the QPL. 


JAN devices are completely processed in the United States 
or its territories and all wafer fabrication, wafer sort, assem· 
bly, testing, 
and conformance 
testing 
are performed 
onshore. 


In early 1985, Linear Technology Corporation joined the 
ranks of the eighteen existing QPLsuppliers. Of these eight· 


een, only a handful of suppliers participate in the linear mil· 
itary JAN market. Linear Technology believes its analog 
design experience and manufacturing 
strength can con· 
tribute significantly to this market. 


In August 1984, Linear Technology Corporation was visited 
by a team of DESC(Defense Electronics and Supply Center) 
personnel. This team spent almost four days on their audit 
and at the end of the visit they awarded the company "Class 
B Line Certification." This was a first for any company to re- 
ceive this distinction on a first audit! In November 1987, 
Linear Technology Corporation was audited by a team from 
DESC, Naval Weapons Support Center and Aerospace Cor· 
poration and was awarded "Class S Line Certification." 


Linear Technology's first QPL listing was achieved in Febru· 
ary, 1985,one year after the company made JAN Class B a 
corporate goal. Other companies have typically taken 2 to 3 
years to achieve this status. The line certification and QPL 
approvals were awarded to MIL-38S10 and MIL-5TD-883 
Rev. C specifications. 


Linear Technology's policy of providing JAN Class B linear 
components supports the United States Government's posi· 
tion of standardization to decrease the number of active 
part types maintained by DESC.This number is currently in 
excess of 70,000for all types of components (contrasted to 
approximately 5,000industry standard components). Stand· 
ardization will clearly decrease costs and assist in the main- 
tenance of military weapon systems and equipment now in 
the field. Linear Technology Corporation has over 40 prod· 
ucts listed on the Class B Qualified Parts List (Part 1),prod· 
ucts qualified on the Class S Qualified Parts List (Parts 1 
and 2),and we havean active and aggressive program to fur· 
ther expand our offering of JAN products. 


AMRAAM 


PHOENIX 


PHALANX 


F-15 


F·16 


F·18 


DRAGON 


STD. MISSILE 


EXAMPLES OF LINEAR TECHNOLOGY 
MILITARY PROGRAM PARTICIPATION 


SPARROW 


HARPOON 


HARM 


COPPERHEAD 
GPS 
HITB 


SEAHAWK 


FLEETSATCOM 


PERSHING II 


MINUTEMAN 


B-1B 


8-52 


TOW 


MAVERICK 


ACTS 


M·1TANK 


Linear Technology Standard Military Drawings 


DESC drawings were initiated in 1976 to standardize the 
electrical requirements for full temperature-tested military 
components. These DESCdrawings (or minispecs) were ini- 
tially issued for low power Schottky devices (54LS)used by 
defense subcontractors on the Air Force's F16. The pro- 
gram accomplished standardization of testing, without the 
delays associated with the qualification 
process for JAN 
components. 


The DESC drawing was viewed as a preliminary specifica- 
tion prior to JAN approval, and it ranks second in the order 
of purchasing hierarchy to JAN. This order is defined in Re- 
quirement 64 of MIL-STD-454.If a JAN part is available, it is 
still preferred, however, there are many types of devices 
where the volume is such that the cost of a full JAN quali- 
fication may not be justified, but where a need exists for 
electrical standardization. 


CMOSand analog circuits were added to the DESCDrawing 
Program in 1977,1978and 1979,but widespread acceptance 
of these parts was not achieved. Today with more emphasis 
being placed on standardization, the interest level in DESC 
drawings has accelerated. This category of product can be 
built offshore with 883-level processing and the electrical 
parameters are tested specifically to the DESCdrawing. 


To provide parts to a DESCdrawing, a manufacturer has to 
have at least one part on the 38510Qualified Parts List. He 
must also provide DESC with a certificate of compliance 
agreeing to the tests and conditions listed on the drawing. 


In 1986 a new program named Standard Military Drawings 
(SMDs)was launched by DESC.This replaced the previous 
DESCDrawing Program.This new program is aimed directly 
at standardizing electrical requirements with the objective 
to decrease the time required to issue a military drawing. To 
achieve this, we have set up a computer link-up with the 
DESCStandardized Mil Drawing Group. A flowchart show- 
ing the preparation of Mil drawings is shown in Figure 1. 
Linear Technology is actively supporting this new Mil Draw- 
ing program and we are working closely with DESC and 
OEMs to participate in this government plan toward a 
greater level of standardization in military specifications. 


Linear Technology has over l:lU devices listed on DESCand 
Mil drawings, and we are actively supporting these stand· 


ardization programs by having parts available off the shelf 
from Linear Technology Corporation and from distribution 
outlets. 


Linear Technology Hi-Rei 


Linear Technology Corporation recognizes the need for 
source controlled drawings (SCD's) and the company's 
DESC-certified line is well equipped to handle these re- 
quirements for space and hi-rei applications. The company 
has a comprehensive review procedure and emphasis is 
placed on compliance to test methods and procedures. 
Over 4,000 specifications have been reviewed to date with 
fast feedback to our customers. 


Linear Technology has serviced source controlled drawing 
orders including "S" level specifications with a variety of 
source inspection and conformance test requirements. 
Each source controlled drawing requires dedicated flows, 
software and hardware, and as a result, certain minimum re- 
quirements haveto befulfilled. Linear Technology's Product 
Marketing group can provide you with more details on a 
case·by-case basis. 


Linear Technology MIL-STD-883 Product 


The semiconductor industry 883 designation on military 
semiconductor components established a defacto stand- 
ard in response to a significant demand from the military 
defense contractors. The Government recognized the exis- 
tence of 883 components in the recent revisions of MIL- 
STD-883Cand MIL-M-38510,and the requirements for com- 
pliant 883 components are now defined very specifically in 
these documents. 


MIL-STD-883is a test procedures and methods document 
and the last major revision (Rev. C) became effective on 
June 1, 1984.This document is revised periodically and de· 
fines the conditions for two categories of product, Class B 
and Class S. Class B is intended for applications where 
maintenance is difficult or expensive and where reliability is 
vital. Class S is intended for space and critical applications 
where replacement is extremely difficult or impossible and 
where reliability is imperative. The Class B PDA(Percent De- 
fective Allowable) was tightened from 10% to 5% following 


burn-in and the Group A electrical sampling plans (LTPDlev· 
els) also were tightened. In addition, a critical paragraph 
was added to MIL-STD-883to alleviate any misinterpreta- 
tion; a factor that had previously created vastly different 883 
programs throughout the semiconductor industry. 


On December 31, 1984, another key clause was added to 
MIL-STD-883Rev. C, "paragraph 1.2.1." This states that if a 
manufacturer advertises, certifies, or marks parts as com- 
pliant with MIL-STD-883those parts must meet all of the 
provisions 
of MIL-5TD-883, a practice 
consistent 
with 


"Truth in Advertising". 


According to the Defense Electronics Supply Center (a 
branch of the Defense Department's Logistics Agency), the 
intent of paragraph 1.2.1 was to link MIL-STD-883with the 
controls and details contained in MIL·M-38510. 


Linear Technology Corporation can state unequivocally that 
all of its 883 products are in full compliance with the new 


MIL-8TD-883 Rev. C requirements. We have over 275 ver- 
sions of our 883 products listed in our current catalog, ir,clu- 
ding operational 
amplifiers, 
voltage regulators, voltage 
references, comparators, and our advanced line of proprio 
etary CMOS circuits. 


All products manufactured by Linear Technology are de- 
signed to meet the full requirements of the military, from 
- 55°C to 125°C. 


Military Martet Commitment 


Linear Technology Corporation 
is a focused, dedicated 
company servicing the needs of the linear military market· 
place. We are shipping to the top U.S. defense electronics 
contractors who have qualified and approved our products. 
Linear Technology Corporation is committed to being the 
best and most proficient high quality supplier of analog mil- 
itary components. 


'CONTRACTOR 
SHALL 
ALSO 
SUBMIT 
A LIST 


OF ALTERNATE 
SOURCES 
TO OESC - 
ECS 
AT TIME OF SUBMISSION 
OF C OF C 


PRESEAL INTERNAL 
VISUAL MIL-STD-883 
METHOD 2010 
CONDITION B 
100% 


STABILIZATION 
BAKE 


MIL-STD-883. 
METHOD 
1008 CONDITION C 
100% 


TEMPERATURE CYCLING 
MIL-STD-883. 
METHOD 


1010 CONDITION C 
100% 


CONSTANT ACCELERATION 


MIL-STD-883. 


METHOD 2001 (Yl 
ONLY) 
CONDITION E 
100% 


BURN-IN 
160 HOURS AT 125"C 
(OR EQUIVALENT) 
100% 


ELECTRICAL TEST 


25"C. 
125"C. 
- 55"C 
100% 
PER APPLICABLE 
MIL-M-38510 
SLASH SHEET 


ELECTRICAL 3RD ROOM 
100% 
250 
PER 


APPLICABLE 
MIL-M-38510 
SLASH SHEET 


FINE LEAK TEST 


MIL-STD-883. 
METHOD 1014 


CONDITION A 
100% 


GROSS LEAK TEST 
MIL-STD-883. 
METHOD 1014 


CONDITION C 
100% 


GROUP A. ACCEPTANCE 
MIL-STD-883, 
METHOD 
5005 TABLE 1. PER 
APPLICABLE 
MIL-M-3851O 


SLASH SHEET 


EXTERNAL VISUAL 
MIL-STD-883. 


METHOD 2009 
100% 


LOT QUALIFICATION 
(QCI) MIL-STD-883 


METHOD 5005 
GROUP B. C. AND 0 
GROUP B PERFORMED ON EACH LOT 


I 
I 


WAFER FABRICATION 
AND 
PARTICLE IMPACT 
MARK 
100% 
DEVICE ASSEMBLY 
NOISE DETECTION 


WAFER LOT ACCEPTANCE 
(PIND) MIL·STD·BB3 
I 


MIL·STD·B83, 
METHOD 2020 


METHOD 5007 
CONOITION A 
100% 


I 
I 


SOLDER DIP IF APPLICABLE 


100% 


NONDESTRUCTIVE 
BOND 
SERIALIZATION 
100% 
I 
PULL MIL·STD·883, 
METHOD 2023 
100% 
I 


ELECTRICAL 
3RD ROOM 


I 


25'C 
100% 
PER 


25'C 
ELECTRICAL 
TEST 
APPLICABLE 
MIL·M·38510 
SLASH 
SHEET 
100% 
PRESEALINTERNAL 
I 


VISUAL 
MIL·STD·883 
I 
METHOD 2010 
CONDITION A 
100% 


BURN·IN 
72 HOURS 
FINE LEAK TEST 
MIL·STD·883, 
I 


@l50'C 
STATIC 
METHOD 1014 


PER APPLICABLE 
CONDITION A 
100% 


MIL·M·38510 
SLASH 


SEAL 
100% 
SHEET 
100% 


I 
I 
I 
GROSS LEAK TEST 


25'C 
ELECTRICAL TEST 
MIL·STD·883, 
STABILIZATION 
BAKE 
100% 
METHOD 1014 


MIL·STD·883, 
METHOD 
CONOITION C 
100% 


1008 CONDITION C 
I 
100% 
I 
I 


BURN·IN 
DYNAMIC 
240 HOURS@125'C(OR 
X·RAY MIL·STD·883, 


EQUIVALENT) 
PER 
METHOD 2010 
100% 


TEMPERATURE 
CYCLING 
APPLICABLE 
MIL·M·38510 
MIL·STO·BB3, 
METHOO 
SLASH 
SHEET 
I 
1010 CONDITION C 


100% 
I 
GROUP A, ACCEPTANCE 
I 


MIL·STD·883, 
METHOD 
25'C 
ELECTRICAL TEST 
5005 TABLE 1, PER 


REAO AND RECORD PER 
APPLICABLE 
MIL·M·38510 


CONSTANT ACCELERATION 
APPLICABLE 
MIL·M·38510 
SLASH 
SHEET 


MIL·STD·883, 
SLASH 
SHEET 
100% 


METHOD 2001 IY1 ONLY) 
I 
CONDITION E 
100% 
I 
I 


EXTERNAL 
VISUAL 


125'C, 
-55'C 
AND AC 
MIL·STD·BB3, 


TESTING PER APPLICABLE 
METHOD 2009 
100% 


MIL·M·38510 
SLASH SHEET 
100% 
I 
I 
LOT OUALIFICATION 
(QCI) MIL·STD·883, 
METHOD 5005 
GROUP BAND 
0 


I 


BOX STOCK 


883C 


TEST 
CONDITION 
SAMPLE SIZE 
LTPD 


DC Parametric 
TA=25°C 
116 
2.0% 


DC Parametric 
TA= -55°C 
116 
2.0% 
+ 125°C 


AC Parametric 
TA = 25°C 
116 
2.0% 


QUALITY ASSURANCE INSPECTOR 


DATE 
I 
SIGNATURE 


I 


LTC Part Number 
_ 


Lot Traceability No. 
_ 


Purchase Order No. 
_ 


Customer Name 
P/N 
Qty 
_ 


Date Code 
Shipper# 
Traveller Lot # 
_ 


Group A= 
Group B = 
Group C = 
Group D = 
_ 


Group A Re·lnspection Data, If Applicable 
_ 


LINEAR TECHNOLOGY CORPORATION HEREBY DECLARES THAT THE COMPONENTS SPECIFIED ON THE ABOVE 
PURCHASE ORDER COMPLY WITH YOUR SPECIFICATIONS AND REQUIREMENTS OF MIL·STD 883 REV C. ALL SUP· 
PORTING DOCUMENTATION AND RECORDS ARE RETAINED ON FILE BY LTCAND ARE AVAILABLE FOR INSPECTION. 
THE MAJOR ELEMENTS OF THE 883C PROGRAM ARE SHOWN BELOW. 


Internal Visual 
Stabilization 
Bake 
Temperature Cycling 
Constant Acceleration 
Fine Leak 
Gross Leak 
Burn-in 
Final Electrical 


QA Acceptance 
Quality Conformance 


Screening Procedure MIL·STD·883C Method 5004 


Method 2010, Condition B 
Method 1008, Condition C 
Method 1010, Condition C, 10 cycles -65°C 
to 150°C 
Method 2001, Condition E, 30K G's Y1 axis (TO-3 PKG at 20K G's) 
Method 1014, Condition A 
Method 1014, Condition C 
Method 1015, 160 hrs at 125°C (or equivalent) 
~ 
+ 25°C DC (per LTC Data Sheet) PDA = 5% 
~\ 
1 
+ 125°C or 150°C DC 
•• 1\' 
'"" 
- 55°C DC 
....J "'.. \ ..• ~ 
+ 25°CAC 
~=I'~ 
Method 5005 Group A (sample/lot) Y 
Group B (sample/lot) 
Group C (sample every 3 months/Generic Group) 
Group D (sample every 6 months/PackageType) 


Method 2009 


LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 


Milpitas, CA 95035-7487 


LINEAR TECHNOLOGY CORPORATION 
1630McCarthy Blvd. 
Milpitas, CA 95035·7487 


GROUP A DATA 
Mil-Std 883. METHOD 5005 


LTC PIN: 
_ 


GENERIC 
TYPE: 
_ 


ASSEMBLY 
LOC: 
_ 


LOT#: 
_ 


PKG: 
_ 


LTPD 
ACC 
S/S 
# 
DATE 
OPER 
# 
FAILED 
TEST 
NUMBER 


SUBGROUP 
1 
2% 


Static test at 25°C 
SUBGROUP 
2 
2% 


Static tests at maximum 
rated operating 
temperature 
SUBGROUP 
3 
2% 
Static tests at minimum 
rated operating 
temperature 
SUBGROUP 
4 
2% 


Dynamic 
tests at 25°C 


SUBGROUP 
5 
2% 


~ 


Dynamic 
tests at maximum 
rated operating 


~ 


temperature 
SUBGROUP 
6 
2% 
Dynamic 
tests at minimum 
rated operating 
~"'" 
temperature 


SUBGROUP 
7 
SAME AS 
yo 


Functional 
tests at 25°C 
SUBGROUP 
#1 


SUBGROUP 
8 
SAME AS 
Functional 
tests at maximum 
and minimum 
SUBGROUPS 
operating 
temperature 
2&3 
SUBGROUP 
9 
2% 


Switching 
tests at 25°C 
SUBGROUP 
10 
2% 


Switching 
tests at maximum 
rated operating 
temperature 


SUBGROUP 
11 
2% 
Switching 
tests at minimum 
rated operating 
temperature 


LINEAR TECHNOLOGY 
CORPORATION 


1630 McCarthy 
Blvd. 


Milpitas, 
CA 95035-7487 
GROUP B DATA 
Mil-Std 883, METHOD 5005 


LTC PIN: 
_ 


GENERIC 
TYPE: 
_ 


ASSEMBLY 
LaC: 
_ 


LOT#: 
_ 


PKG: 
_ 


TEST 
METHOD 
CONDITION 
LTPD 
ACC 
S/S 
# 
DATE' 
OPER 
# 
FAILED 
TESTED 
# 


SUBGROUP 
1 
Physical 
Dimensions 
2016 
0 
2 


SUBGROUP 
2 
--'-'~ 
Resistance 
to Solvents 
2015 
0 
4 


~ 
SUBGROUP 
3 
:.~ 
Solderability 
2003 
Soldering 
Temp. of 
10 
0 
245:!: 
5°C 
~ 


SUBGROUP 
4 
0 


Ill""" 
1 


Internal 
Visual/Mechanical 
2014 
design 
and construction 
requirements 


SUBGROUP 
5 
Bond Strength 
2011 
CorD 
15 
0 


SUBGROUP 
7 
Fine Leak 
1014 
5 
0 
Gross 
Leak 


LINEAR TECHNOLOGY 
CORPORATION 


1630 McCarthy 
Blvd. 


Milpitas, 
CA 95035·7487 
GROUP C DATA 
Mil-Std 883, METHOD 5005 


LTC PIN: 
_ 


GENERIC 
TYPE: 
_ 


CT. GROUP: 
_ 


LOT # 
_ 


PKG: 
_ 


TEST 
METHOD 
CONDITION 
LTPD 
ACC 
SIS 
# 
DATE 
OPER 
# 
FAILED 
TESTED 
# 


SUBGROUP 
1 
5 
0 
45 
Steady 
State 
1005 
TA = 125°C 
Life Test 
(1000 Hours 
or Equiv.) 


Electrical 
Endpoints 
Test # 
••1~.. 
SUBGROUP 
2 
15 
0 
15 ~V~ 
Temperature 
Cycling 
1010 
C 
• 
Constant 
Acceleration 
2001 
E 
Y10nly 
:.~ 
Fine Leak 
1014 
~ 
Gross 
Leak 
1014 
~. 


Visual 
Examination 
1010/ 
1011 
Electrical 
Endpoints 
Test # 


LINEAR TECHNOLOGY 
CORPORATION 


1630 McCarthy 
Blvd. 


Milpitas, 
CA 95035·7487 
GROUP 
D DATA 
Mil-Std 883, METHOD 5005 


LTC PIN: 
_ 


GENERIC TYPE: 
_ 
ASSEMBLY LOC: 
_ 


LOT #: 
_ 


PKG: 
_ 


TEST 
METHOD 
CONDITION 
LTPD 
ACC 
SIS 
# 
DATE 
OPER 
# 
FAILED 
TESTED 
# 


SUBGROUP 
1 
15 
0 
15 
Physical Dimensions 
2016 


SUBGROUP 
2 
15 
0 
15 
Lead Integrity 
2004 
B2 (lead fatigue) 


Fine Leak 
1014 
Gross Leak 
1014 


SUBGROUP 
3 
15 
0 
15 
Thermal Shock 
1011 
B 
15cycles 
Temperature Cycle 
1010 
C 
100cycles 
Moisture Resistance 
1004 
Fine Leak 
1014 
Gross Leak 
1014 
Visual Examination 
10041 
1010 
\~ 
Electrical 
Endpoints 
Test # 
.~ 


SUBGROUP 
4 
15 
0 
15,.~' 


.•.. 


Mechanical 
Shock 
2002 
B 


~ 
Vibration Variables- 
2007 
A 
Frequency 
Constant Acceleration 
2001 
E 
Y10nly 
Fine Leak 
1014 
Gross Leak 
1014 
Visual Examination 
10101 
1011 
Electrical 
Endpoints 
Test # 


SUBGROUPS 
15 
0 
15 
Salt Atmosphere 
1009 
A 
Fine Leak 
1014 
Gross Leak 
1014 
Visual Examination 
1009 
Visual Criteria 


SUBGROUP 
6 
0 
3 
Internal Water-Vapor 
1018 
5000ppm 


SUBGROUP 
7 
15 
0 
15 
Adhesion of Lead Finish 
2025 


SUBGROUP 
8 
0 
5 
Lid Torque 
2024 
Glass Frit Seal only 


DESC 
Drawings*t 


Standard 
Military 
Drawings 
(SMD)t 


883 
Operational 
Amplifiers 


JM38510110103SHA (LM101AW) 
JM38510/11405SGC 
(LF156AH) 


JM38510/10104SCA 
(LM108AJ)" 
JM38510/11803SXA 
(LM137H) 


JM38510110104SHA (LM1 08AW) 
J M3851 0I11803SXC (LM 137H) 


JM38510110104SPA(LM108AJ8) 
JM38510/11804SYA (LM137K) 


J M3851 0/10107SPA (LM118J8) 
JM38510/12501SGA 
(LF198H) 


JM38510/11404SGA 
(LF155AH) 
JM38510/13501SGA 
(OP07AH) 


JM38510/11404SGC 
(LF155AH) 
JM38510/13501SGC 
(OP07AH) 


JM3851 0/11405SGA (LF156AH) 
JM38510/13501SPA 
(OP07AJ8) 


JM38510110103BGA (LM101AH) 
JM38510111402BPA (LF158J8) 


JM38510110104BCA (LM108AJ) 
JM38510111404BGA (LF155AH) 


J M3851 0/10104BGA (LM108AH) 
JM38510/11404BGC 
(LF155AH) 


JM38510/10104BGC 
(LM108AH) 
JM38510/11405BGA 
(LF156AH) 


JM38510/10104BPA 
(LM108AJ8) 
JM38510/11405BGC 
(LF156AH) 


JM38510/10106BEA 
(LH2108AD) 
JM38510/11405BPA 
(LF156AJ8) 


JM38510110107BGA (LM118H) 
JM38510111703BXA (LM117H) 


JM38510110107BGC (LMl18H) 
JM3851 0I11703BXC (LM 117H) 


JM38510110107BPA (LMll8J8) 
JM38510111704BYA (LMl17K) 


JM38510/11401 BGA (LF155H) 
JM38510/11706BYA 
(LMl38K) 


JM38510/11401 BGC (LF155H) 
JM38510/11803BXA 
(LM137H) 


JM38510/11402BGA 
(LF156H) 
JM38510/11803BXC 
(LM137H) 


JM38510111402BGC (LF156H) 
JM38510/11804BYA 
(LM137K) 


7703401XA (LM117H) 


7703401 XC (LM 117H) 


7703401YA(LM117K) 


7703402XA (LM1 17HVH) 


7703402XC (LM 117HVH) 


7703402YA (LM 117HVK) 


7703403XA (LM 137H) 


7703403XC (LM 137H) 


7703403Y A (LM 137K) 


7703404XA (LM137HVH) 


7703404XC (LM 137HVH) 


7703404YA (LM137HVK) 


5962-8680601 EA (LT1846J) 


5962-8684501 IX (LT1016MH) 


5962-8664501 PX (LT1016MJ8) 


5962-8686101 xx (LT580SH) 


5962-8686102XX (LT580TH) 


5962-8686201XA (LH007Q-OH) 


5962-8688201XC (LH007Q-OH) 


5962-8688202XA (LH007Q.1H) 


5962-8688202XC (LH007Q.1H) 


5962-8688203XA (LH007Q.2H) 


5962-8688203XC (LH007Q.2H) 


5962-8688701 CA (0P227 AJ) 


5962-8757801 GA (LT1007AM H) 


5962-8757801 PA (LT1007AMJ8) 


5962-8759401 XC (LM185H-1.2) 


LF155AH/883 


LF155H/883 


LF156AH/883 


LF156H/883 


LF412AMH/883 


LF412MH1883 


LF412AMJ8I883 


LF412MJ8I883 


LH007Q-OH/883 


LH007Q.1H/883 


LH007Q.2HI883 


LH2108AD/883 
LH2108D/883 


7703405XX(LTl17AH) 


7703405YX (LTl17AK) 


7703406XX (LT137AH) 


7703406YX (LT137AK) 


7703407XX(LTl17AHVH) 


7703407YX(LTl17AHVK) 


7703408XX (LT137AHVH) 


7703408YX(LT137AHVI<) 


7802801 EA (SG1524J) 


8203801 GX (OP07AH) 


8203801 PX (OP07AJ8) 


8203802GX (OP07H) 


5962-8759402XX (LMl85H-2.5) 


5962-8780401 GX (LM10H) 


5962-8788801VX (LT1080MJ) 


5962-8788802EX (LT1081 MJ) 


5962-8767501 xx (LM 150K) 


5962-8767502XX (LT150AK) 


5962-8773801GA (LT1001 MH) 


5962-8773801 PA (Ln001 MJ8) 


5962-8774101XX (LT1033MK) 


5962·8m501YX 
(LM1231<) 
5962-8853701GA (OP37AH) 


5962-8853701 PA (OP37AJ8) 


5962-8853703GA (0P37CH) 


5962-8853703PA (0P37CJ8) 


5962-8856201 xx (LT1010MH) 


LM10H/883 


LM10J8I883 


LM101AH/883 


LM101AJ81883 


LM107H1883 


LM107J8I883 


LM108AH/883 


LM1()8H/883 


LM108AJ8I883 


LM108J8I883 


LM118H1883 


LM118J81883 
LT118AH/883 


Ln18AJ8I883 


LT1001AMH/883 


LT1001AMJ81883 


LT1001MHI883 


LT1001 MJ8I883 


LnOO2AMJ/883 


LT1002MJ/883 


LT1006MH/883 


Ln 006MJ8I883 


LT1006AMH/883 


Ln 006AMJ81883 


LT1007AMH/883 
Ln007AMJ8I883 


510/13502SGA (OP07H) 


510113502SGC(OP07H) 


10113502SPA (OP07J8) 


JM 
10113503SGA (0P27AH) 


JM~510/13503SGC 
(OP27AH) 


JM I 510/13503SPA(OP27AJ8) 


J M3851 Oil 2501 BGA (LF198H) 


JM38510112501 BGC (LF198H) 


JMdas10113501 BGA (OP07AH) 


JM~510/13501 
BGC (OP07AH) 


JM3fl510/13501 BPA (OP07AJ8) 
~~;~~~=:~~:~:;~: 


J M3851 0I13502BPA (OP07J8) 


JMr 


10/13503BGA (0P27AH) 


JM 
10/13503BGC(0P27AH) 


JM 
510/13503BPA(OP27AJ8) 


820dao2PX (OP07J8) 


841~lXA(LM138AH-2_5) 
841 
1XC (LM138AH-2.5) 


8551 


1 
401GX(REF02AH) 


8551 


1 


401PX (REF02AJ6) 


8551 


1 


501VX(LT1526J) 


8801401CA(LM119J) 


8801~401IA(LM1 19H) 
8801 
1HA(LMl19W) 


8801 
2CA (LT1 19AJ) 


8801 
2IA(LTl19AH) 


5962-8856201 YX (LT1010MI<) 


5962~701XA 
(LnOO4MH-1.2) 


5962 
9702XA(LnOO4MH-2.5) 


5962 
1GX(LT1021BM-10) 


5962 
GX(LT1021CM·10) 


5962~3GX 
(LT1021DM·10) 


5962j8864101 RA (LTC1060AMJ) 


596218864601XA (Ln 085M K) 


5962~701GA 
(Ln021 
BMH-7) 


5962~702GA 
(Ln021 
DMH-7) 


5962~~~201GA 
(Ln021 
BMH-5) 


5962f876202GA 
(Ln021CMH-5) 


5962-8876203GA (Ln021DMH-5) 


Ln007MH/883 


LT1007MJ8I883 


LnOO8MH/883 


Ln012MD1883 


Ln012MH1883 


Ln013AMH/883 


Ln 013AMJ8/883 


Ln013MH/883 


Ln013MJ8I883 


LT1014AMJ1883 


Ln014MJ/883 


LT1022AMH1883 


Ln022MH/883 


MILITARY PRODUCTS 


883 
LT1023MH/883 
LT1057 AMJ8/883 
LTC1052MJ8/883 
OP-27CH/883 


Operational 
LT1023MJ8/883 
LT1057MH/883 
OP-05AH/883 
OP-27CJ8/883 


Amplifiers 
LT1024AMD/883 
LT1057MJ8/883 
OP-05AJ8/883 
OP-37AH/883 


(Continued) 
LT1024MD/883 
LT1058AMJ/883 
OP-05H/883 
OP-37AJ8I883 


LT1028AMH/883 
LT1058MJ/883 
OP-C5J8I883 
OP-37CH/883 


LT1028AMJ8I883 
LT1078AM/883 
OP-C7AH/883 
OP-37CJ8I883 


LT1028MH/883 
LT1078AMJ8I883 
OP-C7AJ8I883 
OP-215AH/883 


LT1028MJ8/883 
LT1078MH/883 
OP-C7H/883 
OP-215AJ8/883 


LT1037AMH/883 
LT1078MJ8/883 
OP-07J8/883 
OP-215CH/883 


LT1037AMJ8/883 
LT1079AMJ/883 
OP-15AH/883 
OP-215CJ8/883 


LT1037MH/883 
LT1079MJ/883 
OP-15BH/883 
OP-227AJ/883 


LT1037MJ8/883 
LTC1050AMH/883 
OP-15CH/883 
OP-227CJ/883 


LT1055AMH/883 
LTC1050AMJ8/883 
OP-16AH/883 
OP-237 AJ/883 


LT1055MH/883 
LTC10SOMH/883 
OP-16BH/883 
OP237CJ/883 


LT1056AMH/883 
LTC10SOMJ8/883 
OP-16CH/883 


LT1056MH/883 
LTC1052MH/883 
OP-27AH/883 


LT1057AMH/883 
LTC1052MJ/883 
OP-27AJ8/883 


883 Regulators 
LM117H/883 
LM150K/883 
LT138AK/883 
LT1083MK-5/883 


LM117HVH/883 
LT117 AH/883 
LT150AK/883 
LT1083MK-121883 


LM117HVK/883 
LT117AHVH/883 
LT1003MK/883 
LT1084MK-5/883 


LM117K/883 
LT117AHVK/883 
LT1005MK/883 
LT1084MK-121883 


LM123K/883 
LT117 AK/883 
LT1020MJ/883 
LT1085MK-5/883 


LM137H/883 
LT123AK/883 
LT1033MK/883 
LT1085MK-121883 


LM137HVH/883 
LT137AH/883 
LT1035MK/883 
LT1086MK-5/883 


LM137HVK/883 
LT137AHVH/883 
LT1038MK/883 
LT1088MK-121883 


LM137K/883 
LT137 AHVK/883 
LT1038M K/883 
LT1088M K1883 


LM138K/883 
LT137AK/883 
LT1054MJ8I883 


883 References 
LM129AH/883 
LT580TH/883 
LT1021CMH-5/883 
LT1034BMH/883 


LM129BH/883 
LT580UH/883 
LT1021DMH-5/883 
LT1034MH/883 


LM129CH/883 
LT581SH/883 
LT1021BMH-7/883 
REF-01AH/883 


LM134H/883 
LT581TH/883 
LT1021 DMH-7/883 
REF-01AJ8/883 


LM136AH-2.5/883 
LT1004MH-1.2/883 
LT1021 BMH-10/883 
REF-01 H/883 


LM138H-2.5/883 
LT1004MH-2.5/883 
LT1021CMH-10/883 
REF-C1J8I883 


LM185H-1.21883 
LT1009MH/883 
LT1021DMH-10/883 
REF-C2AH/883 


LM185H-2.5/883 
LT1019MH-2.5/883 
LT1029AM H/883 
REF-C2AJ8I883 


LM199AH/883 
LT1019MH-4_5J883 
LT1029MH/883 
REF-C2H/883 


LM199AH-20/883 
LT1019MH-5.0/883 
LT1031BMH/883 
REF-C2J8I883 


LM199H/883 
LT1019MH-10/883 
LT1031CMH/883 


LT580SH/883 
LT1021BMH-5/883 
LT1031DMH/883 


883 
LM111H/883 
LT119AH/883 
LT1011MH/883 
LT1018MH/883 


Comparators 
LM111J8/883 
LT119AJ/883 
LT1011 MJ8/883 
LT1018MJ8/883 


LM119H/883 
LT885M H/883 
LT1016MH/883 
LTC1040MJ/883 


LM119J/883 
LT685MJ/883 
LT1016MJ8I883 
LTC1042MJ/883 


LT111AH/883 
LT1011AMH/883 
LT1017MH/883 


LT111AJ8/883 
LT1011AMJ8I883 
LT1017MJ8I883 


883 
LT1070MK/883 
LT1524J/883 
LT1527AJ/883 
SG1524J/883 


Switched· Mode 
LT1070HVMK/883 
LT1525AJ/883 
LT1846J/883 
SG1525AJ/883 


Control 
Circuits 
LT1071 MKl883 
LT1526J/883 
LT1847J/883 
SG1527AJ/883 


LT1071 HVMKl883 


883 
LT1032MJ/883 
LT1081MJ/883 


Interface 
LT1039MJ/883 
LTC1045MJ/883 


LT1080MJ/883 


Other 883 
LF198AH/883 
LTC1041MJ8I883 
LT1054MH/883 
LTC1060MJ/883 


LF198H/883 
LTC1043MD/883 
LTC1059AMJ/883 
LTC1061AMJ/883 


LT1010MH/883 
LTC1044MH/883 
LTC1059MJ/883 
LTC1061MJ/883 
LT101OMK/883 
LTC1044MJ8I883 
LTC1060AMJ/883 
LTC1062MJ8I883 


t Parts may be ordered using an "X" lead finish suffix. These parts will be supplied with either gold plate or solder-dip finish at LinearTechnology 
Corporation's 


discretion . 


• Certain parts may be ordered with "C" lead finish suffix (gold plate). Consult factory for pricing and availability . 
•• Bold face entries indicate new additions. 


SECTion 13-nEW PRODUCTS 


lEI 


INDEX. 


PROPRIETARY PRODUCTS 


LTC201, Quad CMOSSPSTLow Charge Injection Analog Switch. 


LTIOI5, High Speed OualLine Receiver 
. 


LTI 027, Precision 5V Reference . 


LTCI 049, Low Power Chopper Stabilized OpAmp with Internal Capacitors 


LTCI051, Dual Precision Chopper Stabilized OpAmp with Internal Capacitors 


LTC1064-2, Low Noise, High Frequency 8th Order 8utterworth Lowpass Filter . 


LTCI064-3, Low Noise, High Frequency 8th Order Linear Phase Lowpass Filter ... 


LTCI064-4, 
Low Noise, 8th Drder, Clock Sweepable Cauer Lowpass Filter 


LTI074, Switching Regulator. 


LTl077, Micropower, Single Supply, PrecisionOpAmp 
. 
. 
. 


LTI087, Adjustable Low Dropout Regulator with Kelvin-Sense Inpu ts 
. 


LTC1100, Precision, Single Supply, Instrumentation Amplifier (Fixed Gain= 100) 
. 


LTlI 01, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain= 10or 100) 


LTI1 02, High Speed, Precision, JFET Inputlnstrumentation 
Amplifier (Fixed Gain= 10or 100) . 


LTC1150, ±15VChopperStabilizedOpAmpwithlnternaICapacitors. 
. 
. 


LT1188, 1.5A High Side Switch ...........................................•. 


LTC1290, Single Chip 12-8itDataAcquisitionSystem 
. 


LTC1291, I-Channel, 12-8it Serial/ID DataAcquisition System . 


LTC1292, 2-Channel, 12-8it Serial liD DataAcquisition System 


LTC1293, 6-Channel, 12-8it Serial/ID DataAcquisition System. 


LTC1294, 8-Channel, 12-8it Serial/IO DataAcquisition System .. 


LT1431, Programmable Reference. 
. ..............•. 


13-3 


13-6 


13-8 


13-10 


13-13 


13-15 


13-19 


13-20 


13-21 


13-27 


13-28 


13-35 


13-36 


13-48 


13-49 


13-55 


13-62 


13-70 


13-70 


13-70 


13-70 


13-72 


,--------- 
NOTE -----------, 


Final datasheets for products in this section are at various 
stages of completion as this catalog is being published. If 
you require a final datasheetfor your application, please 
contact your local LTCSales Representative, or call LTC 
Communications at (800)637·5545,for availability. 


[P~~[bDffi!AJDOO&~W 
~7~!O~ 
Quad CM~~~~~~ 
Low Charge 
Injection Analog Switch 
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• Single 5Vor ± 15VSupply Operation 
• 
Lower Charge Injection Than Standard DG201A 


• Low RON 
• Low Power Dissipation 
• Low Leakage 
• Guaranteed Break Before Make 
• Latch Resistant Design 
• nUCMOS 
Compatible 
• Second Source for DG201A 


• RON 
• Signal Range 
• Leakage Current 
• Supply Current 
• Charge Injection 


600 
±15V 
0.5nA 
100/LA 
5pC 


The LTC201 is a monolithic CMOS device consisting of 
four switches which are independently controlled. The 
switches have low on resistance and a very high off reo 
sistance. A break before make characteristic is inherent in 
these switches to prevent the shorting of two channels. 
With a supply voltage of ± 15Vthe signal range is ± 15V. 
The switches have special charge compensation circuitry 
which greatly reduces charge injection compared to the 
standard DG201A. 


The LTC201 is designed for applications 
such as pro- 
grammable gain amplifiers, analog multiplexers, precision 
charge switching and remote switching. 
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LINEARITY IS 0.05% 
QUIESCENT 
CURREt-.T 
IS 100,.A 


SUPPlY 
CURRENT 
IS 4OO,IlA@lMHz 
lEI 


Specifications 
on this datasheet 
are preliminary 
only, and subject 
to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 


ABSOLUTE mAXimum 
RATinGS 
(Nole1) 


Voltages 
Referenced 
to v- 
v+ 
44V 


GND 
25V 
Digital 
Inputs, 
S, D (Note 3) 
- 2V to (V + + 2V) or 
20mA, Whichever 
Occurs 
First 


Current 
Any Input Except 
S or D 
30mA 
Continuous 
S or D , 
20mA 
Peak S or D (Pulsed 
at 1ms, 10% Duty Cycle Max). lOmA 
Power Dissipation 
(Plastic) 
500mW 
Power Dissipation 
(Ceramic) 
900mW 
Operating 
Temperature 
Range 
LTC201 AC, LTC201 C 
O°C to lO°C 
LTC201 AM, LTC201 M 
- 55°C to 125°C 
Storage 
Temperature 
Range 
- 65°C to 150°C 
Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


J PACKAGE 
N PACKAGE 
16-LEAO CERAMIC DIP 
16-LEAO PLASTIC DIP 


AVAILABLE IN SO PACKAGE 


ORDER PART 
NUMBER 


LTC201AMJ 


LTC201MJ 
LTC201ACJ 
LTC201CJ 
LTC201ACN 


LTC201CN 


LTC201A 
LTC201 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Analog Signal Range 
• 
+15 
+15 
V 


RON 
-10V<Vs<10V, 
TMAX 
175 
200 
(l 


10=1mA 
25°C 
60 
120 
75 
160 


TMIN 
120 
160 


aRONvs Vs 
20 
20 
% 


aRONvs Temperature 
0.5 
0.5 
%/oC 


RONMatch 
Vs=OV, los= 1mA 
10 
10 
% 


Off Input Leakage Is(OFF) 
Vo= ± 14V,Vs= ± 14V 
• 
0.5 
100 
0.5 
100 
nA 


Off Output Leakage lo(OFF) 
• 
0.5 
100 
0.5 
100 


On Channel Leakage lo(ON) 
• 
0.5 
200 
0.5 
200 


Input High Voltage V1NH 
• 
2.4 
2.4 
V 


Input Low Voltage VINL 
• 
0.8 
0.8 


Input High or Low Current 
• 
1 
1 
pA 
IINHand IINL 


Cs(OFF) 
5 
5 
pF 


Co(OFF) 
12 
12 


Co,Cs(ONj 
30 
30 
1+ 
All Channels On or Off 
• 
30 
100 
30 
100 
pA 


1- 
VIN= OVor 2.4V 
• 
0.1 
10 
0.1 
10 


LTC201A 
LTC201 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


TON 
Vs=2V, RL = 1kO,CL =35pF 
600 
600 
ns 


TOFF 
450 
450 


Off Isolation 
Vs = 2Vp·p, RL = 1kO 
75 
75 
dB 


Crosstalk 
f= 100kHz 
90 
90 


Charge Injection Q1NJ 
Rs= 00, CL = 1000pF, Vs = 0 
5 
8 
pC 


Total Harmonic Distortion THD 
Vs= 2Vp·p, RL = 10kO 
0.01 
0.01 
% 


The. 
denotes the specifications 
which apply over full operating tempera· 
ture range. 


Note 1: Absolute Maximum Ratings are those values beyond which the life 
of a device may be impaired. 


Note 2: Signals on S, D, or INexceeding V+ or V- will be clamped by in· 
ternal diodes. Limit forward diode current to maximum current rating. 


Note 3: V+ = 15V,V- = -15V 
unless otherwise noted. 


• 10nsResponseTime 
• 2ns Setup Time for Latch 
• Operates on Single 5VSupply 
• Dual Function in a·Pin Package 
• No Input Slew Rate Requirement 
• 
Latch Function Included On Chip 
• TrueDifferential Inputs 


• 
High Speed Differential Line Receiver 
• 
Pulse HeightlWidth Discriminator 
• Timing and DelayGenerators 
• Analog to Digital Interface 


~~~[LD[M]DOO&~W 
LT1015 


High Speed Dual Line Receiver 


May 1989 


The LT1015is a dual high speed comparator intended for 
line receiver and other general purpose fast comparator 
functions. It has 10ns response time, true differential in- 
puts, TIL outputs, and operates from a single 5V supply. A 
unique output stage design virtually eliminates power 
supply glitching during transitions. This greatly reduces 
instability and crosstalk problems in multiple line applica- 
tions. No minimum input slew rate is required as in previ- 
ous TIL output comparators. 


The LT1015has a true latch pin for retaining output data. 
Setup time is 2ns, allowing the comparators to capture 
data much faster than the actual flowthrough response 
time. a·pin miniDIP and ceramic packages allow high 
packing density. 


SUCLOCK 


DATA LATCHED 
ON POSITIVE EDGE 


CHANNEL 
B 


LATCH (BOTH SIDES) 
OEVICE ACTIVE WITH 
LATCH LOW. "OPEN" 


GOES TO HIGH STATE. 


Specifications 
on this datasheet 
are preliminary 
only. and subject 
to 
change without notice. Contact the manufacturer 
before finalizing a design 
using this part. 


Supply Voltage 
7V 
Differential Input Voltage 
5V 
Input Voltage Positive 
Supply + 0.5V 
Negative 
-1V 
Input Current (Forced) Positive 
20mA 
Latch Pin Voltage 
Supply + 1V 
Output Current (Continuous) 
± 20mA 
Operating Temperature Range 
LT1015M 
- 55°C to 125°C* 
LT1015C 
O°Cto 70°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


• Air flow must be provided for TA> 100°C. 


ORDER PART 


TOPVIEW 
NUMBER 


"M'O" 


REFERENCE2 
7 
OUTPUTA 
LT1015MJ8 


INPUTB 
3 
6 GROUNO 
LT1015CJ8 
LATCH 4 
5 OUlpUTB 
LT1015CN8 


J PACKAGE 
NPACKAGE 


HEAD CERAMICDIP 
HEAD PLAS11CalP 


ELECTRICAL CHARACTERISTICS 
V + =4.6V to 5.4V,VLATCH=OV,Common Mode Input Voltage = 2.5V, Tj =25°C, unless otherwise noted. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage (Note 1) 
VCM= 1.25V to (V + -1.5V) 
• 
1 
20 
mV 


Inpllt Bias Current 
6V1N= OV(Note 2) 
• 
15 
30 
~A 


Reference Input Current 
6V1N= OV(Note 2) 
• 
30 
60 
~A 


Voltage Gain (Note 3) 
VOUT= 0.5V to 2.5V 
• 
1000 
2500 
VN 
Load = 1TIL Gate 


Common Mode Input Range (Note 5) 
Minimum Input 
• 
1.0 
1.25 
V 
Maximum Input 
• 
V+ -1.5 
V+ -1.0 
V 


Output High Voltage 
IOUT=4mA 
• 
2.5 
V 
Output Low Voltage 
ISINK=4mA 
• 
0.3 
0.5 
V 


Supply Current 
V+ =5V 
• 
55 
70 
mA 


Latch Pin High Input Voltage 
Device Latched 
• 
2 
V 


Latch Pin Low Input Voltage 
Device Active 
• 
0.8 
V 


Latch Pin Current 
• 
1 
mA 


Propagation Delay 
6VIN",20mV (Note 4) 
OOCsTjsloo°C 
• 
7 
10 
14 
ns 
- 55°CsTjsl50°C 
• 
7 
10 
16 
ns 


Latch Setup Time 
2 
ns 


The. 
denotes the specifications 
which apply over the full operating tem- 
perature range. 


Note 1: Input offset voltage is the maximum required to drive the output to 
a low state of 0.5V and a high state of 2.5V. 


Note 2: Input currents are measured by applying a large positive differen· 
tial input voltage. The resulting input current is divided by two to obtain in- 
put current at 6V1N= OV. 


Note 3: Voltage gain is guaranteed by design, but not tested. 


Note 4: Propagation delay is 100% tested in production 
with a jarge over· 
drive. The limit is guard banded to account tor the slight Increase (= 5OOps) 
at 20mV overdrive. 


Note 5: Common mode input range is the voltage range over which the dif· 
ferential input offset voltage is less than 20mV.lf both inputs remain inside 
this common mode range, propagation 
delay will be unaffected. 
It will also 
be normal if the signal input is below the 1.25V lower limit when the input 
~ 
transition 
begins. An increase in propagation 
delay of up to 10ns may occur 
••• 
if the signal input is above the upper common mode limit when the transi- 
tion begins. Sine wave inputs may not be affected when the peak exceeds 
the common mode range if the signal is inside the common mode range for 
10ns before threshold is reached. 


• Very Low Drift - 
2 ppm/oC Max Slope 
• 
Pin-Compatible with LT1021-5,REF-02 
• 
Factory-Trimmed to 5.000V± 1mV@25°C 
• Output Sinks or Sources 10mA 
• 
Excellent Transient Response Suitable for A-to-D 
Reference Inputs 
• 
Noise Reduction Pin 
• 
Excellent Long Term Stability 
• 
Low Noise 


• A-to-D and D-to-A Conversion 
• 
Digital Voltmeters 
• 
Reference Standard 
• 
Precision Current Source 
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LT1027 


Precision 5V Reference 


May 1989 


The LT1027 is a precision reference with extra-low drift, 
low noise, excellent line and load regulation and low out- 
put impedance at high frequency. This device is intended 
for use in 12·to 16·bit A-to-D and D-to-A systems where de- 
manding accuracy requirements must be met without the 
use of power-hungry heated·substrate 
references. The 
fast-settling output recovers quickly from load transients 
such as those presented by A-to-D converter reference in- 
puts. The LT1027 represents the next major advance in 
low·drift, high-accuracy voltage references. 


The LT1027 reference 
is based on LTC's proprietary 
advanced sub~surface zener bipolar process which elim- 
inates noise and stability problems associated with sur· 
face breakdown devices. 


INPUTS [ 
CHO 
D~~~ 


SCLK 
cs 
LTC1290 
CH7 
VI' 
3 
LTl027 
NR 
VOUT 
4.7,."F 
I"" I"'" 
GN~ 
VTRlM 5 
10k'ITANTALUM 
REF- 


'="'= 
'=" 
'=':"'= 


ORDER PART 
NUMBER 


LT1027BMH 
LT1027CMH 
LT1027BCH 
LT1027CCH 


H PACKAGE 


B-LEAD TO-5 METAL CAN 


'CDNNECTED INTERNALLY. DC NOT CONNECT 


EXTERNALCIRCUITRYTO THESE PINS. 


TOPVIEW 


NC'OBNC- 


VIN 
2 
7 
NC" 


NR 
3 
6 
VOUT 


GND 
4 
5 
VTRIM 


N PACKAGE 
B-LEAD PLASTIC DIP 


'CDNNECTED INTERNALLY. DC NOT CONNECT 
EXTERNALCIRCUITRYTO THESE PINS. 


LT1027BCN 
LT1027CCN 


Specifications 
on this datasheet 
are preliminary 
only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 


Input Voltage 
40V 
Input-Output Voltage Differential 
35V 
Output to Ground Voltage 
7V 
Trim to Ground Voltage 
Positive 
Equal to Your 
Negative 
- 3V 
Output Short Circuit Duration 
VIN= 35V 
10sec. 
VIN<20V 
Indefinite 


Operating Temperature Range 
LT1027M 
-55°Cto 
125°C 
LT1027C 
O°C to 70°C 
Storage Temperature Range 
All Devices 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output Voltage 
5.000 
V 


Output Voltage Accuracy 
TA=25°C 
±0.02 
% 


Output Voltage Temperature Coefficient 
2 
ppm/oC 


Settling Time (0.01%) 
lOUT= 10mA 
2 
pS 


Line Regulation 
10V<V1N<40V 
4 
ppmlV 


Load Regulation (Source) 
0<IOUT<10mA 
10 
ppm/mA 


Load Regulation (Sink) 
O>IOUT> -10mA 
25 
ppmlmA 


Supply Current 
2 
mA 


Output Trim Range 
O>VTRIM>VOUT 
±50 
mV 


Transient Response 
When a 10mA load step is applied to the LT1027output, the 
reference will settle to 0.01% in under 2/Ls.For faster tran- 
sient response under no DC load or while sourcing current, 
a 4.7/LF(or greater) tantalum capacitor connected between 
Your and ground is recommended. This will reduce the set· 
tling time to under 500ns. Electrolytic capacitors are not 
advisable as the series resistance of these type units will 
degrade the response. If the LT1027is to be used as a cur· 
rent sink, a bypass cap is not recommended. For driving 
capacitive·type ADCs, the 4.7/LFcap will give optimum per· 
formance, although it is not required. 


Trimming Output Voltage 
The LT1027has a trim pin for adjusting output voltage. The 
impedance of this pin is about 20kO with an open circuit 
voltage of 2.5V.A ±50mV trim range is obtainable by tying 
the trim pin to the wiper of a 10k potentiometer connected 
between Your and ground. Trimming the output voltage will 
not affect the TC of the device. 


Noise Reduction 
A 1/LFcapacitor between the NR (noise reduction) pin (3)and 
ground will reduce the noise of the LT1027from 2.5/LVRMSto 
1.5/LVRMSin a 0.1Hz to 1kHz bandwidth. The pin should be 
left open if not used. Open circuit voltage on the NR pin is 
4.4V. This point goes to the internal amplifier input and is 
gained up to 5.000V.Do not put any DC load on this pin. 


Low Power Chopper 
Stabilized 
Operational 
Amplifier with 
Internal Capacitors 


April 1989 


• 
Low Supply Current 200JLA 
• 
No External Components Required 
• 
Maximum Offset Voltage 10JLV 
• 
Maximum Offset Voltage Drift O.1JLV/oC 
• Single Supply Operation 4.75Vto 16V 
• 
Input Common Mode Range Includes Ground 
• Output Swings to Ground 
• Typical Overload Recovery Time 25ms 


The LTC1049 is a high performance low power chopper 
stabilized operational amplifier. The two sample-and-hold 
capacitors usually required externally by other chopper 
stabilized amplifiers are integrated on the chip. Further, 
the LTC1049offers superior DC and AC performance with 
a nominal supply current of only 200JLA. 


The LTC1049has an offset voltage of O.5JLV,with drift of 
O.01JLV/oC,O.1Hzto 10Hz input noise voltage is 3JLVp·pand 
typical voltage gain is 160dB.The slew rate is O.8V/JLswith 
the gain bandwidth product of O.8MHz. 


Overload 
recovery times 
from 
positive 
and negative 
saturation conditions 
are 6ms and 25ms respectively, a 
very significant 
improvement over chopper amplifiers us- 


ing external capacitors. 


The LTC1049is available in standard 8-pin metal can, plas- 
tic and ceramic dual in line packages as well as an 8-pin 
SO package. The LTC1049can be a plug·in replacement for 
most standard op amps with improved performance. 


• 4mA-20mA Current Loops 
• Thermocouple Amplifiers 
• 
Electronic Scales 
• 
Medical Instrumentation 
• Strain Gauge Amplifiers 
• 
High Resolution Data Acquisition 


Specifications 
on this datasheet 
are preliminary 
only, and subject 
to 


change without notice. Contact the manufacturer before finalizing a design 
using this part. 


(Note 1) 
Total Supply Voltage (V+ to V-) 
18V 
Input Voltage 
(V+ + 0.3V)to (V- - 0.3V) 
Output Short Circuit Duration 
Indefinite 
Operating Temperature Range 
LTC1049M 
- 55°C to 125°C 
LTC1049C 
- 40°C to 85°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300oC 


4 
v- 


H PACKAGE 
HEAD 
TO-5 METAL CAN 


TOPVIEW 


NCOSNC 
-IN 
2 
7 v+ 


+IN 
3 
6 
OUT 
v- 
4 
5 
NC 


J PACKAGE 
N PACKAGE 
HEAD 
CERAMIC DIP 
HEAD 
PLASTIC DIP 


ORDER PART 
NUMBER 


LTC1049MH 
LTC1049CH 


LTC1049MJ8 
LTC1049CJ8 
LTC1049CN8 


ELECTRICAL CHARACTERISTICS 
VS= ± 5V,TA= operating temperature range, unless otherwise specified. 


LTC1049M 
LTC1049C 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
TA = 25°C (Note 3) 
±2 
±10 
±2 
±10 
~V 
Average Input Offset Drift 
(Note 3) 
• 
±0.02 
±0.1 
±0.02 
±0.1 
~VloC 


Long Term Ollset Voltage Drift 
50 
50 
nV/.friio 


Input Oflset Current 
TA=25°C 
±30 
±60 
±30 
±100 
pA 
• 
±150 
±150 
pA 


Input Bias Current 
TA=25°C 
±15 
±30 
±15 
±50 
pA 
• 
±800 
±150 
pA 


Input Noise Voltage 
0.1Hz to 10Hz 
3.0 
3.0 
~Vp·p 


O.lHztolHz 
1.0 
1.0 
~Vp·p 


Input Noise Current 
I = 10Hz (Note 4) 
2.0 
2.0 
IAlv'Hz 


Common Mode Rejection Ratio 
VCM=V- t02.7V 
• 
115 
130 
110 
130 
dB 


Power Supply Rejection Ratio 
Vs= ±2.375Vto 
±8V 
• 
115 
130 
110 
130 
dB 
Large Signal Voltage Gain 
Rl = l00kll, Vour= :t4.9V 
• 
130 
160 
130 
160 
dB 


ELECTRICAL CHARACTERISTICS 


VS= ± 5V,TA= operating temperature range, unless otherwise specified. 


LTC1049M 
LTC1049C 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Maximum Output Voltage Swing 
RL=10kO 
TA = 25°C 
-4.9/+4.2 
-4.9/+4.2 
V 
• 
-4.6/+3.2 
-4.6/+3.2 
V 


RL = 100kO 
• 
±4.9 
±4.97 
±4.9 
±4.97 
V 


Slew Rate 
RL = 10kO,CL = 50pF 
0.8 
0.8 
V/~s 


Gain Bandwidth Product 
0.8 
0.8 
MHz 


Supply Current 
No Load 
TA = 25°C 
200 
270 
200 
300 
~A 
• 
400 
450 
~A 
Internal Sampling Frequency 
700 
700 
Hz 


The. 
denotes the specifications 
which apply over the full operating 
temperature range. 
Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 


Note 2: Connecting any terminal to voltages greater than V+ or less than 
V- may cause destructive latch up. It is recommended that no sources 
operating from external supplies be applied prior to power-up of the 
LTC1049. 


Note 3: These parameters are guaranteed by design. Thermocouple effects 
preclude measurement of these voltage levels in high speed automatic test 
systems. Vos is measured to a limit determined by test equipment capability. 


Note 4: Current Noise is calculated from the formula: 


IN= v'(2q .1b) 


where q = 1.6 X 10-19 Coulomb. 


Electrical Characteristics 
Test Circuit 
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• Dual Low Cost Precision Op Amp 
• No External Components Required 
• Maximum Offset Voltage 5p.V 
• Maximum Offset Voltage Drift 0.05p.V/oC 
• Low Noise 1.5p.Vp.p(0.1Hzto 10Hz) 
• Minimum Voltage Gain, 120dB 
• Minimum PSRR,120dB 
• Minimum CMRR, 114dB 
• Low Supply Current 1mAlOp Amp 
• Single Supply Operation 4.75Vto 16V 
• Input Common Mode Range Includes Ground 
• Output Swings to Ground 
• Typical Overload Recovery Time 3ms 
• Pin Compatible with Industry Standard Dual Op Amps 


• Thermocouple Amplifiers 
• Electronic Scales 
• Medical Instrumentation 
• Strain Gauge Amplifiers 
• High Resolution Data Acquisition 
• DCAccurate R,C Active Filters 


DESCRIPTion 


The LTC1051is a high performance, low cost dual chopper 
stabilized operational amplifier. The unique achievement 
of the LTC1051 is that it integrates on chip the sample· 
and·hold capacitors usually required externally by other 
chopper amplifiers. 
Further, the LTC1051 offers better 
combined overall DC and AC performance than is avail· 
able from other chopper stabilized amplifiers with or with· 
out internal sample/hold capacitors 


The LTC1051 has an offset 
voltage of 0.5p.V,drift 
of 
0.01p.V/oC,DC to 10Hz, input noise voltage of 1.5p.Vp.pand 
a typical voltage gain of 140dB.The slew rate of 4V/p.sand 
a gain bandwidth product of 2.5MHz are achieved with 
only 1mA of supply current per op amp. 


Overload 
recovery times 
from 
positive 
and negative 
saturation 
conditions 
are 1.5ms and 3ms respectively, 
about 100or more times improvement over chopper ampli· 
fiers using external capacitors. 


The LTC1051is available in standard plastic and ceramic 
dual in line packages as well as a 16-pinSOL package. The 
LTC1051can be a plug in replacement for most standard 
dual op amps with improved performance. 


Rl =499{l, 0.1 % 
R2 = 100k{l. 
0.1 % 
GAIN=201 
MEASURED CMRR -120dB 
AT DC 
MEASURED INPUT Vas 3.V 
MEASURED INPUT NOISE 2.Vp-p (DC -10Hz) 


~ 
100 
:s 


~ 
80 


u; 
~ 


~ 
60 
oz 
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Specifications 
on this datasheet 
are preliminary 
only, and subject 
to 


change without notice. Contact the manufacturer before finalizing a design 
using this part. 


LTC1051 


ABSOLUTE mAXimum 
RATinGS 


Total Supply Voltage (V+ to V -) 
18V 
Input Voltage 
(V+ + 0.3V)to (V- 
- 0.3V) 
Output Short Circuit Duration 
Indefinite 
Operating Temperature Range 
LTC1051M 
- 55°C to 125°C 
LTC1051C 
- 40°C to 85°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) 
300°C 


TOP VIEW 


OUTAD'Y+ 
INA 
2 
7 
OUT 
B 


+INA 
3 
6 
-INB 


v- 
4 
5 
+IN B 


J PACKAGE 
N PACKAGE 


a-LEAD 
CERAMIC 
DIP 
a-LEAD 
PlASTIC 
DIP 


ORDER PART 
NUMBER 


LTC1051MJ8 
LTC1051CJ8 
LTC1051CN8 


14 v+ 


13 
OUT 8 


12 -IN B 


11 +IN B 


1 
NC 


9 
NC 


ELECTRICAL CHARACTERISTICS 
Vs = :!: 5V,TA= operating temperature range unless otherwise specified. 


LTC1051 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
TA=25'C 
+0,5 
±5 
~V 


Average Input Offset Drift 
• 
+0,0 
+0,05 
~V/'C 


Long Term Offset Drift 
50 
nV/.JMO 


Input Bias Current 
TA=25'C 
±15 
±65 
pA 
LTC1051C 
• 
±125 
pA 
LTC1051M 
• 
+450 
pA 


InDut Offset Current 
TA=25'C 
±30 
±125 
pA 
• 
+ 175 
pA 


Input Noise Voltage 
Rs= 1000, DC to 10Hz 
1.5 
~VN 
Rs-1000, 
DC to 1Hz 
0.4 
~V~p 


Input Noise Current 
f=10Hz 
2.2 
fAJ.JHZ 


Common Mode Rejection Ratio, CMRR 
VCM=V- 
to +2.7V, TA=25'C 
114 
130 
dB 
• 
110 
dB 


Differential 
CMRR 
114 
dB 


Power Supply Rejection Ratio 
Vs 
± 2.375V to + 8V 
• 
120 
140 
dB 


Large Signal Voltage Gain 
Rl=10kO,VOUT- 
+4V 
• 
120 
160 
dB 


Maximum Output Voltage Swing 
Rl = 10kO 
• 
±4.7 
±4.85 
V 
Rl = lOOkO 
+4.95 
V 


Slew Rate 
Rl = 10kU, Cl - 50pF 
4 
Vf~s 


Gain Bandwidth 
Product 
2.5 
MHz 


Supply Current 
No Load, TA = 25'C 
2 
3.25 
mA 
• 
4.5 
mA 


Internal Sampling Frequency 
3 
kHz 


LTC1051 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
TA=25'C 
+0.5 
+5 
~V 


Input Offset Drift 
+0.01 
+0.05 
~VI'C 


Input Bias Current 
TA -25'C 
+10 
+50 
pA 


Input Offset Current 
TA 
25'C 
+20 
+80 
pA 


Input Noise Voltage 
OCto 10Hz 
1.8 
~VN 


Supply Current 
No Load, TA = 25'C 
• 
1 
2 
mA 


The. 
denotes the specifications 
which apply oyer the fuil operating temperature 
range. 
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• 8th Order Filter in a 14-PinPackage 
• 
140kHzMaximum Corner Frequency 
• 
No External Components 
• 50:1and 100:1Clock to Cutoff Frequency Ratio 
• 80/LVRMSTotal Wideband Noise 
• 0.03% THD or Better 
• Operates from ±2.37Vto ±8V Power Supplies 


• Antialiasing Filters 
• Smoothing Filters 
• Tracking High Frequency Lowpass Filters 


The LTC1064·2is a monolithic 8th order lowpass butter- 
worth filter, which provides a maximally flat passband. 
The attenuation slope is - 48dB/octave and the maximum 
attenuation is in excess of 80dB. An external TIL or CMOS 
clock programs the filter's cutoff frequency. The clock to 
cutoff frequency ratio is 100:1 (pin 10 at negative supply) 
or 50:1 (pin 10 at V+). The maximum cutoff frequency is 
140kHz. No external components are needed. 


The LTC1064-2features low wideband noise and low har- 
monic distortion even for input voltages up to 3VRMS.In 
fact the LTC1064-2 overall performance competes with 
equivalent 
multi-op 
amp RC active 
realizations. 
The 
LTC1064·2 is available in a 14-pin DIP or 16-pin surface 
mounted SOL package. The LTC1064-2is fabricated using 
LTC'senhanced analog CMOS Si·gate process. 


The LTC1064·2is pin compatible with the LTC1064·1. 


8th Order Clock Sweepable 
Lowpass 
Butterworth 
Filter 


14 


LTC1064·2 
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OUT(C) 


NC 


-8V 


NOTE: THE POWER SUPPLIES 
SHOULO 8E BYPASSED BY A O.l.F 
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13 SHOULD 
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Specifications 
on this datasheet 
are preliminary 
only, and subject 
to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 


TotaISupplyVoltage(V+ 
toV-) 
16.5V 
Power Dissipation 
400mW 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 
Operating Temperature Range 
LTC1064·2M 
- 55°C to 125°C 
LTC1064·2C 
- 40°C to 85°C 


ORDER PART 
NUMBER 


LTC1064·2MJ 
LTC1064·2CJ 
LTC1064·2CN 


ELECTRICAL CHARACTERISTICS 
Vs= ± 7.SV, 100:1, fCLK=2MHz, 
R1 = 10kll, TA =2So, TILclock 
input level, unless otherwise 
specified. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Passband Gain (Note 1) 
Referenced to OdB, 1Hz to 1kHz 
• 
-0.5 
0.15 
dB 
Gain TempCo 
0.0002 
dB/oC 
- 3dB Frequency 
100:1 
20 
kHz 
50:1 
40 
kHz 
Gain at - 3dB Frequency 
Referenced to OdB, fiN= 20kHz 
• 
-3 
-2.75 
dB 
Stopband Attenuation 
At 1.5f -3dB,50:1, fiN= 60kHz 
• 
24 
27 
dB 
Stopband Attenuation 
At2L3dB' 
100:1, flN=40kHz 
• 
-46 
47 
dB 
Stopband Attenuation 
At3L3dB' 
100:1, fIN=60kHz 
74 
dB 
Stopband Attenuation 
At4L3dB, 100:1, fiN= 60kHz 
90 
dB 


Input Frequency Range 
100:1 
0 
<fCLK/2 
kHz 
50:1 
0 
<fCLK 
kHz 


Output Voltage Swing and 
Vs= ±2.37V 
• 
-1.0 
1.0 
V 
Operating Input Voltage Range 
Vs= ±5V 
• 
-3.1 
3.2 
V 
Vs= ± 7.5V 
• 
-5.0 
5.2 
V 


Total Harmonic Distortion 
Vs= ±5V, input= 1VRMSat 1kHz 
0.015 
% 


Vs= ± 7.5V, Input = 3VRMsat 1kHz 
0.03 
% 


Wideband Noise 
Vs= ±5V, Input = GND 1Hz-1.99MHz 
80 
~VRMS 
Vs= ± 7.5V, Input = GND 1Hz-1.99MHz 
90 
~VRMS 


Output DC Offset (Note 1) 
Vs= ± 7.5V 
±30 
±125 
mV 
Output DC Offset TempCo 
Vs= ±5V 
-90 
~V/oC 


ELECTRICAL CHARACTERISTICS 
Vs = ± 7.SV, 100:1, fClK = 2MHz, R1 = 10kll, TA = 25°, TTL clock input level, unless otherwise specified. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Impedance 
10 
20 
kO 


Output Impedance 
fOUT= 
10kHz 
2 
0 


Output Short Circuit Current 
Source/Sink 
3/1 
mA 


Clock Feedthrough 
200 
~VRMS 


Maximum Clock Frequency 
50% Duty Cycle, Vs = ± 5V 
5 
MHz 
50% Duty Cycle, TA = 25°C, Vs= ± 7.5V 
7 
MHz 


Power Supply Current 
Vs= ±2.37V, fCLK=lMHz 
• 
16 
mA 
Vs= ±5V, fCLK=lMHz 
12 
18 
mA 
• 
22 
mA 
Vs= ±8V, fCLK=1MHz 
16 
20 
mA 
• 
28 
mA 


Power Supply Voltage Range 
• 
±2.37 
±8 
V 


The. 
denotes the specifications 
which apply over the full operating 
temperature range. 
Note 1: For tighter specifications 
contact LTCMarketing. 
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Graph 4. Total Harmonic 
Distortion = 0.03%, 
Input = 3VRMS at 1kHz, Vs= ± 7.SV, 
fClK=1MHz, 
100:1 '-3dB=10kHz 


Graph 3. Group Delay vs 
Frequency 
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Graph 5. Wideband 
Noise = 87IlVRMS, 


Vs = ± 7.SV, fClK = 2M Hz, 100:1 
'- 
3dB = 20kHz 


1\ 
./ 
-55°C 
-e- 
./.-r 
25°C- 
I 
-- 
125°C 
-I--- 


f# 
~~ ~ 


44 


40 
! 36 


~ 
32 


~ 
28 


~ 
24 


~ 
20 


~ 
16 
3: 
12 
o~ 
8 


4 


o 
o 
2 
4 
6 
8 
10 
12 14 
16 18 
20 22 24 


POWER SUPPLY 
VOLTAGE 
(V) 


Graph 7. Amplitude Response 
with Pin 10at Ground 
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The power supply pins (4, 12),clock pin Iii}, input/output 
pins (2,9) and analog ground pins (3,5) are fUlly discussed 
in the LTC1064·1datasheet. 


The "no connection" pins 11, 6, 8, 13) should be preferably 
grounded, especially when high cutoff frequencies are 
sought. 


When the 501100pin (10)is connected to V+ , the fCLK/f- 3dB 
ratio is equal to 50. When pin 10 is at V-, the fCLK/f-3dB 
ratio equals 100.When pin 10 is grounded (or floated), the 
passband of the filter loses its flatness, Graph 7, and its 
amplitude response does not approximate a Butterworth 
filter. 
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8th Order 
Linear Phase Lowpass 
Filter 


• 8th Order Filter in a 14·Pin Package 
• 
100kHz Maximum Corner Frequency 
• 
No External Components 
• 75:1and 150:1Clock to Cutoff Frequency Ratio 
• 80/lVRMSTotal Wideband Noise 
• 0.005% THD or Better 
• Operates from ± 2.37Vto ± 8V Power Supplies 
• 
Low Total Output DCOffset 


• Antialiasing Filters 
• Smoothing Filters 
• Tracking High Frequency Lowpass Filters 


The LTC1064·3is a monolithic 8th order lowpass Bessel fil· 
ter, which provides a linear phase response over its entire 
passband. An external TTL or CMOS clock programs the 
filter's cutoff frequency. The clock to cutoff frequency ra· 
tio is 75:1 (pin 10 at V+) or 150:1 (pin 10 atV-). 
The maxi· 


mum cutoff frequency is 100kHz. No external components 
are needed. 


The LTC1064·3features low wideband noise and low har· 
monic distortion even for input voltages up to 3VRMS.In 
fact the LTC1064·3 overall performance competes with 
equivalent 
multi·op 
amp RC active 
realizations. 
The 
LTC1064·3 is available in a 14·pin DIP or 16·pin surface 
mounted SOL package. The LTC1064·3is fabricated using 
LTC'senhanced analog CMOS Si·gate process. 


The LTC1064·3is pin compatible with the LTC1064·1,·2, 
and -4. 


8th Order Clock Sweepable 
Lowpass Bessel Filter 
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Specifications 
on this datasheet 
are preliminary 
only, and subject 
to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 


• Bth Order Filter in a 14·Pin Package 
• BOdBor More Stopband Attenuation 
• 50:1and 100:1Clock to Center Ratio 
• 
130/LVRMSTotal Wideband Noise 
• 0.03% THD or Better 
• 
100kHz Maximum Cutoff Frequency 
• Operates up to ± BVPower Supplies 
• 
Input Frequency Range up to 50Times the Filter 
Cutoff Frequency 


• Antialiasing Filters 
• Telecom Filters 
• Sinewave Generators 
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LTC1064-4 


Low Noise, 8th Order, Clock 
Sweepable 
Cauer Lowpass Filter 


February 1989 


The LTC1064·4is an Bth order, clock sweepable Cauer low· 
pass switched capacitor filter. An external TIL or CMOS 
clock programs the value of the filter's cutoff frequency. 
With pin 10 at V+, the clock to cutoff frequency ratio is 
50:1; the passband ripple is ±0.1dB and the stopband 
attenuation is BOdBat 2 x fCUTOFF.Cutoff frequencies up 
to 100kHzcan be achieved. When pin 10 is at V-, the filter 
has a transitional 
Butterworth·Cauer 
response with a 
clock to - 3dB frequency ratio of 100:1. The stopband 
attenuation of 92dB is at 2.5times the cutoff frequency. 


The LTC1064·4features low noise and low harmonic dis· 
tortion even when input voltages up to 3VRMSare applied. 
The LTC1064·4overall performance competes with equiva· 
lent multi·op amp RC active realizations. The LTC1064·4is 
pin compatible 
with 
the 
LTC1064·1, LTC1064·2, and 
LTC1064·3. 


The LTC1064·4is manufactured using Linear Technology's 
enhanced LTCMOSTMsilicon gate process. 


8th Order Clock Sweepable 
Lowpass Elliptic Filter 
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NOTE: THE POWER SUPPLIES SHOULO BE BYPASSED BY A O.'"F 
CAPACITOR CLOSE TO THE PACKAGE. 
BYPASSING 
PIN 10 WITH A 0.1~ 
DISC CERAMIC CAPACITOR 


IMPROVES CLOCK FEEOTHROUGH. 
FOR CUTOFF FREQUENCY ABOVE 40kHz, 
USE 27pF-SpF 


COMPENSATION 
CAPACITORS BETWEEN PINS 13 AND 1 ANO 6 ANO 7 
THE CONNECTION BETWEEN PINS 7 AND 14 SHOULD BE 
PHYSICALLY 
DONE UNDER THE PACKAGE. 


Measured Frequency Response 


OdB 


A 
B 
C 


\ 
\ 
\ 
\ 


1\ 
\ 
\ 
~'" 
'v 


,;'-4SdB 
"g; 
;;>-60dB 


-10SdB 
10k 
lOOk 
1M 


FREOUENCY (Hz) 


CURVE A: 'CLK=2MHz, 
100:1 
CURVE B: 'CLK=2MHz, 
50:1 
CURVE C: 'CLK=SMHz, 
50:1 
CCCMPI = 18pF 
CCCMP2=24pF 


Specifications 
on this datasheet 
are preliminary 
only, and subject 
to 


change without notice. Contact the manufacturer before finalizing a design 
using this part. 


FEATURES 


• 5A On-Board Switch 
• Up to 200kHzSwitching Frequency 
• Greatly Improved Dynamic Behavior 
• Available in Low Cost 5-Lead Packages 
• Only 7mA Quiescent Current 
• Programmable Current Limit 
• Operates Upto 60V Input 
• Includes Output Voltage Monitor 
• Micropower Shutdown Mode 


APPLICATions 


• 5A Buck Converter with Output Voltage Range of 
2.5Vt050V 
• Tapped Inductor Buck Converter with 10AOutput at 5V 
• Positive-to-Negative Converter,4.5Vto 50V Input, 


- 3.5Vto - 40V Output 
• Negative Boost Converter, - 4.5Vto - 40V Input, 
- 8V to - 50VOutput 
• Multiple Output Buck Converter 
• Single or Multiple Output Flyback or Forward Converter 


DESCRIPTion 


The LT1074is a 5A monolithic bipolar switching regulator 
which requires only a few external parts for normal opera· 
tion. The power switch, all oscillator and control circuitry, 
all current limit components, and an output monitor are in- 
cluded on the chip. The topology is a classic positive 
"buck" configuration but several design innovations allow 
this device to be used as a positive to negative converter, 
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LT1074 


Switching Regulator 


June 1989 


a negative boost converter, and as a flyback or forward 
converter. The switch output is specified to swing 40V be· 
low ground. This feature permits the LT1074 to use a 
tapped inductor in the buck mode, with output currents up 
to 10Ausing no external switch transistor. 


The LT1074uses a true analog multiplier in the feedback 
loop. This makes the device respond nearly instanta· 
neously to input voltage fluctuations and makes loop gain 
independent of input voltage. As a result, dynamic behav- 
ior of the regulator is significantly improved over previous 
voltage mode designs without the complexity and noise 
sensitivity of current mode approaches. 


On-chip pulse by pulse current limiting makes the LT1074 
nearly bust·proof for output overloads or shorts, and 
avoids surge damage to external components. The input 
voltage range as a buck converter is 8V to 60V, but a 
self-boot feature allows the device to operate with input 
voltages 
as low as 4.5V in the inverting 
and boost 
configurations. 


The LT1074is available in low cost 5-lead TO-220or TO-3 
packages with frequency pre-set at 100kHz and current 
limit at 7A. An 11·pin single·in·line package (SIP) is also 
available which allows switching 
frequency to be in· 
creased to 200kHz and current limit to be adjusted down 
to zero. In addition, full micropower shutdown can be pro· 
grammed as well as external current sensing, and soft 
start. An output monitor "status" pin can be used as a mi- 
croprocessor reset, and a complementary output pin will 
allow implementation of ultra-high-efficiency designs. 


TYPICALAPPLICATiOn 


Basic Positive Buck Converter 


L1t 


~mw 
~ 


VIN 
Vsw 


'OPTIONAL - 
USE IF CONVERTERIS MORE THAN 2- 


FROM RAW SUPPlY FILTER CAPACITOR 


tPULSE ENGINEERING. INC. #PE-92114 


> 
~ 
2.5 
~ 
g 


~ 
2.0 


Specifications 
on this datasheel 
are preliminary 
only 
and subject 
to 
change without nolice. Contact the manufacturer 
before finalizing a design 
using this part_ 


Input Voltage 
LT1074 
·45V 
LT1074HV 
64V 
Switch Voltage with Respect to Input Voltage 
LT1074 
64V 
LT1074HV 
75V 
Switch Voltage with Respect to Ground Pin 
LT1074 
35V 
LT1074HV 
45V 
Feedback Pin Voltage 
- 2V, + 10V 
Shutdown Pin Voltage 
40V 
Status Pin Voltage 
30V 
(Current Must Be Limited to 5mA When Status Pin 
Switches "On") 
Complementary Output Voltage 
40V 
(Current Must Be Limited to 15mA When Output 
Switches "On") 
IUMPin Voltage (Forced) 
4.5V 
ExtLim Pin Voltage 
VIN- 2V to VIN+0.4V 
Freq Pin Voltage 
5.5V 
Maximum Operating Ambient Temperature Range 
LT1074C, LT1074HVC 
O°C to 70°C 
LT1074M, LT1074HVM 
-55°Cto 
125°C 
Maximum Operating Junction Temperature Range 
LT1074C, LT1074HVC 
O°C to 100°C 
LT1074M, LT1074HVM 
- 55°C to 150°C 
Maximum Storage Temperature 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec) 
300°C 


FRONT VIEW 


5 
V,N 
a 


4 
Vsw 
3 
GNO 
2 
Vc 


01 
FB 


T PACI\AGE 
5-LEAO TO·220 


LEAOS ARE FORM EO STANDARD 
FOR STRAIGHT LEADS. ORDER 
FLOW 06 


FRONT VIEW 


11 
COMOUT 
10 
Vc 


9 
FREO 
B 
STATUS 
7 
SHUT 
6 
GND 
5 
FB 
4 
EXTLIM 
3 
-4--IUM 
2 
Vsw 
01 
-V,N 


V PACKAGE 
IHEAD 
SIP 


CASE IS CONNECTED TO GROUNO 
LEADS ARE FORMED. 


ORDER PART 
NUMBER 


LT1074MK 
LT1074HVMK 
LT1074CK 
LT1074HVCK 


LT1074CT 
LT1074HVCT 


LT1074CV 
LT1074HVCV 


ELECTRICAL CHARACTERISTICS 
Tj = 25°C, VIN=25V,unless otherwise noted. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Switch "On" Voltage (Note 1) 
Isw= 1A, Tj~OOC 
1.8 
V 
Isw= 1A, Tj<O°C 
2.0 
V 
Isw=5A, 
Tj~OOC 
2.3 
V 
Isw= 5A, Tj<O°C 
2.5 
V 


Switch "Off" 
Leakage 
(Note 6, 7) 
1 
300 
p.A 


Supply Current 
VFB= 2.5V, V1NSVMAJc(Note 2, 7) 
7 
9 
mA 


Minimum 
Supply Voltage 
Normal Mode 
• 
7.3 
8 
V 
Startup Mode 
• 
3.5 
4.5 
V 


Switch Current Limit 
IUMOpen 
• 
5 
6.5 
8.5 
A 
RUM= 14k (Note 5) 
5 
A 
RUM= 8.4k (Note 5) 
3 
A 


Switching 
Frequency 
90 
100 
110 
kHz 
• 
85 
125 
kHz 
VFB= OVthrough 2kO 
20 


Error Amplifier 
Voltage Gain 
1VsVcs4V 
2000 
VIV 


Error Amplifier 
Transconductance 
4000 
~mho 


Feedback Pin Bias Current 
VFB= VREF 
• 
0.5 
2 
~A 


Reference Voltage 
Vc=2V 
• 
2.155 
2.21 
2.265 
V 


Reference Voltage Tolerance 
±0.5 
±1.5 
% 


All Conditions 
of Input Voltage, Output 
• 
±1 
±2.5 
% 


Voltage, Temperature and Load Current 


Error Amplifier 
Source and Sink Current 
Source (VFB= 2V) 
140 
~A 
Sink (VFB= 2.5V) 
800 
~A 


Vc Voltage at 0% Duty Cycle 
1.6 
V 
OverTemperature 
• 
-4 
mV/oC 


Multiplier 
Reference Voltage 
20 
V 


Reference Voltage Line Regulation 
8VsV1NsVMAX(Note 
7) 
0.005 
0.02 
%N 


SWitching Frequency Line Regulation 
8V SV1NSVMAX(Note 7) 
0.05 
%N 


Shutdown 
Pin Current 
VsH=5V 
• 
5 
10 
20 
p.A 


VSHS VTHRESHOLD 
(=2.5V) 
• 
50 
p.A 


Shutdown 
Thresholds 
Switch Duty Cycle = 0 
• 
2.15 
2.35 
2.55 
V 
Fully Shut Down 
• 
0.2 
0.3 
0.5 
V 


Status Window 
As a Percent of Feedback Voltage 
• 
4 
±5 
6 
% 


Status High Level 
ISTATUS=0 
• 
3.5 
4.0 
5.0 
V 


Status Low Level 
ISTATUS 
= 106mA 
• 
0.25 
0.4 
V 


Status Delay Time 
9 
~s 
Status Minimum Width 
25 
~s 
Freq Pin Voltage 
RFREo= 15k 
1.7 
V 


COM OUT Saturation 
Voltage 
IS1NK=10mA 
0.7 
V 


COMOUT Leakage 
VCOMOUT= 20V 
• 
1 
p.A 


The. 
denotes the specifications 
which apply over the full operating 
tern· 
perature range. 


Note 1: To calculate 
maximum switch "on" voltage at currents between 1A 
and 5A, a linear interpolation 
may be used. 


Note 2: A feedback pin voltage (VFWof 2.5V forces the Vc pin to its low 
clamp level and the switch duty cycle to zero. This approximates 
the zero 
load condition 
where duty cycle approaches 
zero. 


Note 3: Total voltage from V1Npin to ground pin must be ~8V after startup 
for proper regulation. 


Note 4: Switch frequency 
is Internally scaled down when the feedback pin 
voltage is less than 0.6V to avoid extremely short switch on times. During 
testing, VFBis adjusted to give a minimum 
switch on time of 1~. 


Note 5: This design center value may change slightly on the final data- 
sheet. 


Note6: 
Switch off leakage is measured with V1N= VMAXand Vsw=OV. 


Note 7: VMAX=40V for the LT1074 and 60V forthe 
LT1074HV. 


6V 


REGULATOR 
AND BIAS 


2.4V 


filiI 


FRED' 
SYNC 
FRED BOOST 


100kHz 
OSCILLATOR 


FRED SHIFT 
JlIl 
R/S 
LATCH 


R 
OUTPUT 
VOLTAGE 
MONITOR 


Z 


ANALOG 


X MULTIPLIER 


'£i 
Z 


Y 
SWITCH 
OUTPUT 


(VSN) 


A switch cycle in the LT1074is initiated by the oscillator 
selling the RlS latch. The pulse that sets the latch also 
locks out the switch via gate-G1. The effective width of 
this pulse is approximately 700ns, which sets the maxi- 
mum switch duty cycle to approximately 93% at 100kHz 
switching frequency. The switch is turned off by compara· 
tor C1, which resets the latch. C1 has a sawtooth wave· 
form as one input and the output of an analog multiplier as 
the other input. The multiplier output is the product of an 
internal reference voltage, and the output of the error am· 
plifier, A1, divided by the regulator input voltage. In stand· 
ard buck regulators, this means that the output voltage of 
A1 required to keep a constant regulated output is in· 
dependent of regulator input voltage. This greatly im· 
proves line transient 
response, and makes loop gain 
independent of input voltage. The error amplifier is a 
transconductance type with a GMat null of approximately 
4000/Lmho.Slew current going positive is 140 microamps, 
while negative slew current is about 800 microamps. This 
asymmetry helps prevent overshoot on startup. Overall 
loop frequency compensation 
is accomplished 
with a 
series RCnetwork from Vc to ground. 


Switch current is continuously monitored by C2, which reo 
sets the RlS latch to turn the switch off if an overcurrent 
condition 
occurs. The time required for detection and 
switch turn off is approximately 
600ns, so minimum 
switch "on" time in current limit is 600ns. Under dead 
shorted output conditions, switch duty cycle may have to 
be as low as 2% to maintain control of output current. This 
would require switch on time of 200ns at 100kHzswitching 
frequency, so frequency is reduced at very low output volt· 
ages by feeding the FB signal into the oscillator and creat· 
ing a linear frequency downshift when the FB signal drops 
below 1V.Current trip level is set by the voltage on the IUM 
pin which is driven by an internal 320 microamp current 
source. When this pin is left open, it self-clamps at about 
4.5V and sets current limit at 6.5A. In the 11·pin package 
an external resistor can be connected from the IUMpin to 
ground to set a lower current limit. A capacitor in parallel 
with this resistor will soft·start the current limit. A slight 
offset in C2 guarantees that when the IUMpin is pulled to 
within 200mVof ground, C2 output will stay high and force 
switch duty cycle to zero. 


An output voltage monitor is included on the chip. Its out· 
put is available only on the 11-pinversion. The monitor out· 
put goes low when the voltage on the FB pin is more than 
5% above or below the normal regulated value. This pin 
can be used to "hold off" load functions until the regulator 
output is normal or it can be used as a microprocessor 
reset. 


The "Freq" pin is used to raise switching frequency, and to 
synchronize the oscillator to an external signal. A resistor 
to ground will raise frequency. A 3V-5V pulse coupled 
through a diode will synchronize the internal oscillator 
from 110% to 160% of its normal frequency. The pulse 
should be 300ns wide. Synchronizing can also be done 
with the 5·lead LT1074by pulling the Vc pin to ground for 
300ns with a transistor. This has only a slight effect on 
regulated output voltage if the series resistor in the fre· 
quency compensation network is at least 1kG. 


The "Shutdown" pin is used to force switch duty cycle to 
zero by pulling the IUMpin low, or to completely shut down 
the regulator. Threshold for the former is approximately 
2.35V, and for complete shutdown, approximately 0.3V. 
Total supply current in shutdown is about 100microamps. 
A 10 microamp pull·up current forces the shutdown pin 
high when left open. A capacitor can be used to generate 
delayed startup. A resistor divider will program "undervolt· 
age lockout" if the divider voltage is set at 2.35Vwhen the 
input is at the desired trip point. 


The "Comout" pin is an open collector switch whose volt· 
age is the complement of the switch output IYsw). In addi· 
tion, the falling edge of Comout is slightly time-shifted to 
avoid overlap with Vsw. Comout is used to drive external 
MOSFETs in certain multiple·output 
and very high effi· 
ciencyapplications. 


The switch used in the LT1074is a Darlington NPN driven 
by a saturated PNP. Special patented circuitry is used to 
drive the PNPon and off very quickly even from the satura· 
~ 
tion state. This particular switch arrangement has no 
••• 
"isolation 
tubs" connected to the switch output, which 
can therefore swing to 40V below ground. 


·OPTIONAL 
- 
USE IF CONVERTER IS MORE THAN 2· 


FROM RAW SUPPLY FILTER CAPACITOR 


··TAPPEO 
INOUCTOR TOPOLOGY HAS A SQUARE WAVE 


COMPONENT OF OUTPUT RIPPLE. A 5.H, 
200.F 
OUTPUT FILTER CAN BE AODEO. 


tTAPPEO AT 3: 1; PULSE ENGINEERING, 
INC. 
# PE-652B2 


ttMOTOROLA 
MBR1N5B2B 


·OPTIONAL 
- 
USE IF CONVERTER IS MORE THAN 2· 


FROM RAW SUPPLY FILTER CAPACITOR 


··LOWER 
OUTPUT RIPPLE CAN BE OBTAINED BY 
PARALLELING 
SEVERAL LOWER VALUE CAPACITORS. 


AN OUTPUT FILTER OF 5.H, 
100.F 
WILL GIVE 


20: 1 RIPPLE ATIENUATION 
WITH AN ESR OF 0.111 


ON THE 100.F 
CAPACITOR. 


tPULSE 
ENGINEERING, 
INC. 
#PE-51590 


ttMAXIMUM 
OUTPUT CURRENT IS 1.5A AT V,N=5V, 


3A AT V,N= 
15V, AND 3.5A AT V,N =30V 


·OPTIONAL 
- 
USE IF CONVERTER IS MORE THAN 2· 


FROM RAW SUPPLY FILTER CAPACITOR 
··USE 
PARALLEL 
UNITS OF LOWER VALUE FOR 


LOWER RIPPLE, OR ADD AN OUTPUT FILTER. 
5~ 
AND lOD.F 
WITH ESR =0.111 
WILL GIVE 
20:1 RIPPLE ATIENUATION. 


tPULSE 
ENGINEERING. 
INC. 
#PE-51590 


ttMAXIMUM 
OUTPUT CURRENT IS O.BA AT V,N= 
-5V, 


1.7A AT V,N= 
-BV, 
AND 2.7A AT V,N= 
-12V. 


OUTPUT SHORTS ARE NOT ALLOWEO ON A BOOST 
CONVERTER BECAUSE LlANO 
01 WOULD 
SHORTTHE 
INPUT SUPPLY. 


• 60llA Max Supply Current 
• 40llV Max Offset Voltage 
• 350pA Max Offset Current 
• 0.5IlVp-p0.1Hzto 10HzVoltage Noise 
• 2.5pAp-p 0.1Hzto 10HzCurrent Noise 
• 0.41lVfoCOffset Voltage Drift 
• 250kHz Gain-Bandwidth·Product 
• 0.12Vflls Slew Rate 
• Single Supply Operation 
Input Voltage Range Includes Ground 
Output Swings to Ground while Sinking Current 
No Pull-Down Resistors are Needed 
• Output Sources and Sinks 5mA Load Current 


• Replaces OP-07,OP-77,AD707,LT1001,LT1012 
at 10to 60Times Lower Power 
• Battery or Solar Powered Systems 
• 4mA to 20mA Current Loops 
• TwoTerminal Current Source 
• Megaohm Source Resistance Difference Amplifier 
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V· 
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Micropower, Single Suppl'{, 
Precision Op Amp 
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DESCRIPTion 


The LT1077is a micropower precision operational amplifier 
optimized for single supply operation at 5V. ± 15V speci- 
fications are also provided. 


Micropower performance of competing devices is achieved 
at the expense of seriously degrading precision, noise, 
speed, and output drive specifications. The LT1077reduces 
supply current without sacrificing other parameters. The 
offset voltage achieved is the lowest of any micropower op 
amp. Offset current, voltage and current noise, slew rate 
and gain-bandwidth product are all two to ten times better 
than on previous micropower op amps. 


The 1ff corner of the voltage noise spectrum is at O.7Hz. 
This results in low frequency (0.1Hz to 10Hz)noise perform· 
ance which can only be found on devices with an order of 
magnitude higher supply current. 


The LT1077is completely plug-in compatible (including nul· 
ling) with all industry standard precision op amps. Thus, it 
can replace these precision op amps in many applications 
without sacrificing performance, yet with significant power 
savings. 


The LT1077can be operated from one lithium cell or two 
Ni-Cad batteries. The input range goes below ground. The 
all·NPN output stage swings to ground while sinking cur- 
rent-no 
pull-down resistors are needed. 


For dual and quad op amps with similar specifications 
please see the LT1078fLT1079datasheet. 
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Specifications 
on this datasheet 
are preliminary 
only, and subject 
to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 
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Adjustable 
Low Dropout Regulator 
with Kelvin-Sense Inputs 


• 
FiveTerminal Adjustable 
• Separate Sense Inputs Allow True Kelvin Sensing 
• 
Easily Parallelable 
• Operates Down to 1V Dropout 
• Guaranteed Dropout Voltage at Multiple Current Levels 
• 0.05% Line Regulation 
• 0.1% Load Regulation at the Sense Point 


The LT1087 is a variation of the LT1084 Adjustable Low 
Dropout 3 Terminal Regulator. The sense points of the in- 
ternal reference/error amp are brought out to allow added 
flexibility. These sense pins can be used in several ways. 


They can be used for true Kelvin sensing of the output volt- 
age at a remotely located load. They can be used to force 
the devices to share current equally when more than one 
device is wired in parallel, allowing the user to easily build 
higher current modules. This device is designed to provide 
5A of output current. All internal circuitry is designed to 
operate down to 1V input to output differential and the 
dropout voltage is fully specified as a function of load cur- 
rent. On-chip trimming adjusts the reference voltage to 
1%. Current limit is also trimmed, minimizing the stress 
on both the regulator and power source circuitry under 
overload conditions. A 10/LFoutput capacitor is required 
on these devices; however,this is usually included in most 
regulator designs. 


Unlike PNP regulators, where up to 10% of the output cur- 
rent is wasted as quiescent current, the LT1087quiescent 
current flows into the load, increasing efficiency. 


Specifications 
on this datasheet 
are preliminary 
only, and subject 
to 
change without notice. Contact the manufacturer 
before finalizing a design 
using this part. 


Power Dissipation 
Internally Limited 
Input to Output Voltage Differential 
"M" Grade 
35V 


"C" Grade 
30V 
Differential Voltage Between Sense Pins 


(IV+ SENSE- V- SENSEI) 
, ,. , 
, ,4V 
Sense Pin Voltage 
Range 
(Vour* -1V)~V 
±SENSE~(Vour* +0.4V) 
Operating Junction Temperature Range 


"Mil Grade 
Control Section 
- 55°C to 150°C 
Power Transistor 
- 55°C to 200°C 


"C" Grade 
Control Section 
O°Cto 125°C 
Power Transistor 
O°Cto 150°C 
Storage Temperature 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec) 
300°C 


'vour is referring to the regulator output pin voltage. 
PRECOnDITiOninG 
100% Thermal Limit Burn-In 


ORDER PART 
NUMBER 


LT1087MK 
LT1087CK 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Reference Voltage 
lOUT= 10mA, Tj= 25°C, 
(V1N- Your) =3V (K Package Only) 
1.238 
1.250 
1.262 
V 


10mA:slour:s5A 
1.5V :S(V1N- Vour):S 25V 
• 
1.225 
1.250 
1.270 
V 


Line Regulation 
ILOAO- 10mA, 1.5V :s(V1N- Vour):s15V, Ti= 25°C 
0.015 
0.2 
% 
• 
0.035 
0.2 
% 


M Grade 


15V :S(VIN- Your) :s35V 
• 
0.05 
0.5 
% 


CGrade 
15V:S(VIN - Vour):s30V 
• 
0.05 
0.5 
% 


(Notes 1, 2) 


Load Regulation 
(V1N- Your) = 3V 
10mA:slour:s5A 
~ = 25°C (Notes 1, 2) 
0.1 
0.3 
% 
• 
0.2 
0.4 
% 


Dropout Voltage 
llVREF= 1%, IOUT=5A, (Note 4) 
• 
1.3 
1.5 
V 


Common Mode Range of Sense 
(Vour-1V):sV 
tSENSE:SVOUT 
0.4 
mV 
Pins llVREF 


Differential 
Gain of Sense Pins 
V tSENSE= Your 


llVREF/llVSENSE 
V -SENSE= (Vour - 40mV) 
11 
VIV 


Sense Pin Bias Current 
0.3 
~A 


Minimum 
Load Current 
(V1N- Your) = 25V 
• 
5 
10 
mA 


Thermal Regulation 
TA= 25°C, 30ms pulse 
0.003 
0.015 
%/W 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Ripple Rejection 
1= 120Hz 
CADJ= 25~F, COUT= 25~FTantalum 
lOUT= 5A, (VIN- VOUT)= 3V 
• 
60 
75 
dB 


Adjust Pin Current 
lj = 25°C 
55 
~ 
• 
120 
~ 
Adjust Pin Current Change 
10mAsioUTs5A 
1.5Vs (VIN- VOUT)s 25V 
• 
0.2 
5 
~ 
Temperature Stability 
• 
0.5 
% 


Long Term Stability 
TA= 125°C, 1000 Hrs. 
0.3 
1 
% 


RMS Output Noise (% of VOUT) 
TA= 25°C 
10Hz= sfs10kHz 
0.003 
% 


Thermal Resistance 
K Package: Control Circuitry/PowerTransistor 
0.75/2.3 
°CIW 
Junction to Case 
T Package: Control Circuitry/Power 
Transistor 
0.65/2.7 
°CIW 


The. 
denotes the specifications 
which apply over the full operating 
temperature 
range. 


Note 1: See thermal regulation specifications 
for changes in output 
voltage due to heating effects. Load and line regulation are measured at a 
constant junction temperature by low duty cycle pulse testing. Unless 
otherwise specified, + Sense, - Sense and VOUTare tied together at the 
package. 


Note 2: Line and load regulation are guaranteed up to the maximum power 
dissipation 
(45W for the LT1087K, 30W for the LT1087T). Power dissipation 
is determined by the input/output 
differential 
and the output current. Guar- 
anteed maximum power dissipation 
will not be available over the full input/ 
output voltage range. 


Note 3: Load regulation is defined to be the change in output voltage at the 
sense point. The sense point is defined to be the point at which the sense 
pins, output, and the top of the resistive divider that sets the output voltage 
are tied together. The voltage drop from the output pin of the device to the 
sense point must be < W. 


Note 4: Dropout voltage is specified over the full output current range of 
the device. Test points and limits are shown on the Dropout Voltage curve. 
Dropout voltage is defined to be the voltage from input to output and is 
tested with the sense pins tied to the output pin. 


LT1087 Dropout Voltage 
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The LT1087 is an adjustable voltage regulator with Kelvin 
sense inputs. These inputs can be used to fully Kelvin 
sense a remote load so that the regulation at the load is 
nearly perfect. The sense inputs can also be used in a 2- 
wire configuration to compensate for voltage drops in 
long output leads eliminating the two extra wires needed 
for full Kelvin sensing. 


protection as well as thermal shutdown to turn-off the 
regulator should the temperature exceed about 165°C. 


Sense Inputs 


In a three terminal regulator the sense inputs are termi· 
nated at the output pin of the device (normally the case for 
adjustable regulators). This means that regulation will be rr!I 
best at the case of the device. Any wire resistance be· 
•••• 


tween the regulator and the actual load will degrade the 
regulation, especially at high currents. This five pin con· 
figuration allows the user to select the point where regula· 
tion will be optimized. 


This regulator is easy to use and has all the protection fea- 
tures that are expected in high performance voltage 
regulators. They are short circuit protected, have safe area 


LT1087 


The sense pins can be useq in two basic configurations. 
They can be used to make a remote Kelvin sensed output, 
or they can be used as a differential amplifier to simply 
compensate for a long wire run. 


For full Kelvin sensing of the output, the sense pins are 
tied together, then connected through a 1k resistor to the 
top of the R1/R2divider that sets the output voltage. The 
1k resistor is necessary to prevent high currents from flow· 
ing into the sense pins under fault conditions and will 
cause no significant error in the output voltage. The top 
and bottom of the RlIR2 divider are then tied to the points 
in the circuit where optimum regulation is desired. These 
connections must be made separate from the wires that 
carry the main load current. Seethe Remote Kelvin Sensed 
Output Circuit in the Typical Applications Section. At light 
load currents the voltage drop down the output lead will be 
small and the sense pins will be at approximately the 
same voltage as the output pin. For heavy load currents 
the output pin will be driven positive with respect to the 
sense pins by the value of the voltage drop across the out· 
put leads and the voltage at the sense points will be regu· 
lated. The output is allowed to go 1Vabove the sense pins 
in this configuration. For output pin voltages greater than 
1V above the sense pins some degradation in regulation 
will occur. Since the output is allowed to go positive with 
respect to the sense pins by 1V and assuming that both 
the power lead to the load and the ground return are ap- 
proximately equal, this configuration allows the user to 
have almost perfect regulation at the sense point with 2V 
of drop in the wire leads between the regulator and the 
load. Note that the input voltage to the regulator must pro- 
vide enough headroom to the regulator to allow this to 
happen. The input voltage must be greater than the total 
of the regulated output voltage plus the wire drops plus 
the dropout voltage of the regulator (::::1.5V for Ln08? at 
5A). 


If the user does not want to run the extra two wires re- 
quired for full Kelvin sensing, a second method can be 
used to compensate for wire drops. The sense inputs can 
be considered to be the inputs to a differential amplifier 


with a gain of 11when the +Sense pin is positive with re- 
spect to the - Sense pin. Pulling the - Sense pin negative 
with respect to the +Sense pin (with the +Sense pin tied 
to the output) by 10mV will cause the reference voltage, 
nominally 1.25V,to increase by 110mVto 1.36V.The output 
of the regulator would then increase by the factor 


See the Remote Load Regulation Compensation Circuit in 
the Typical Applications. In this manner sensing across a 
small part of the output leads can compensate for the en- 
tire length. The maximum differential input voltage over 
which the differential gain holds true is 60mV at 25°C, and 
this voltage is proportional to absolute temperature. For 
most circuits the differential input voltage should be less 
than 40mV. Exceeding this small differential voltage will 
not damage the device until the differential exceeds 5V. 
Regulation, however, will be degraded. Assuming a maxi- 
mum differential input voltage of 40mV and an output volt· 
age of 5V, and using the formula from the Remote Load 
Regulation Compensation Circuit, this configuration can 
compensate out 1.76Vof wire drop. For higher output volt· 
ages larger wire drops can be compensated out. As in the 
previous circuit the input voltage to the regulator must 
provide enough headroom for this to happen. 


Output Voltage 


The LT108? develops and tries to maintain a 1.25V refer· 
ence voltage between its sense pins and its adjust pin (see 
Figure 1).By placing a resistor between the device's sense 
point (the end of R3)and its adjust pin, a constant current 
is caused to flow through R1 and down through R2 to set 
the overall output voltage. Normally R1 is chosen so that 
the current flowing through it is equal to the specified 
minimum load current of 10mA. Because IADJis very small 
and constant when compared with the current through R1, 
it represents a small error and can usually be ignored. 
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TYPICAL APPLICATions 


Remote Load Regulation Compensation (2·Wire) 


I T 


-SENSE 


LT1087 
+SENSE 


+ VOUT=VREF 
(1 + *) 


WHERE VREF=1.25V 


CLARGE> 100"F 


EXAMPLE: 
IF THE LOAD MUST BE LOCATED 
1D FT. (1201 
FROM THE REGULATOR 
AND VOUT IS 5V 
THEN (A·+B1=24.0· 
R1 = 12011, R2=36011 


X·= 
(A·+B1 
•..• X·=5.2· 


[11 
(1+*)] 


BY CONNECTING THE -SENSE 
PIN 5.2· 
FURTHER DOWN 
THE OUTPUT WIRE THAN THE +SENSE 
PIN THE LOAD 
REGULATION CAUSED BY 20' 
OF WIRE CAN BE 
COMPENSATED OUT. 


Paralleling Devices for Higher Current 


MASTER 


-SENSE 


LTl087 


INPUT 
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L 
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FOR PARALLELING 
MORE THAN TWO DEVICES - 
DUPLICATE SLAVE SECTION 


MINIMUM 
LOAO CURRENT =(10mA) 
(# OF OEVICES IN PARALLEL) 
R1, R2 NETWORK CAN BE USED AS THE MINIMUM 
LOAD 


RM=8mll= 
10· OF #20 AWG. 
SOLID WIRE (COPPER) 


RS= 7.3mll=9.1· 
OF # 20 A.W.G. SOLID WIRE (COPPER) 


RM AND Rs SHOULO 8E NON-INDUCTIVE. 
THIS IS EASILY ACCOMPLISHEO 
BY FOLDING THE 
WIRE BACK UPON ITSELF SO THAT THE FIELDS GENERATED, BY CURRENT FLOWING IN THE 
WIRE, CANCEL. 


• Offset Voltage 21lV 
• Offset Voltage Drift 20nVJOC 
• Bias Current 25pA 
• Offset Current 10pA 
• Gain Non-Linearity 8ppm 
• Gain Error 0.03% 
• CMRR 110dB 
• 0.1Hz-10Hz Noise 2llVp-p 
• Single 5V Supply Operation 
• 8·Pin MiniDIP 


• Strain Gauge Amplifier 
• Thermocouple Amplifier 
• Differential to Single Ended Converters 


[P[%~[lD[M]D~&[%W 
LTCllOO 


Precision, Single Supply, 
Instrumentation 
Amplifier 
(Fixed Gain =100) 


The LTC1100is a high precision instrumentation amplifier 
using chopper stabilization 
techniques to achieve out· 
standing DC performance. The input DC offset is typically 
21lVwhile the DC offset drift is 20nV/oC; a very low bias 
current of 25pA is also achieved. 


The LTC1100is self contained, that is, it achieves a differ· 
ential gain of 100 without any external gain setting resis- 
tor or trim pot. The gain linearity is 8ppm and the gain drift 
is 4ppm/oC. The LTC1100operates from a single 5V supply 
up to ±8V.The output, pin 8, typically swings 150mV from 
its power supply rails. 


An optional external capacitor can be added from pin 7 to 
pin 8 to tailor the device's 20kHz bandwidth and to elim- 
inate any unwanted noise pickup. 


The LTC1100is manufactured using Linear Technology's 
enhanced LTCMOSTMsilicon gate process. 


Specifications 
on this datasheet 
are preliminary 
only, and subject 
to 
change without notice. Contact the manufacturer 
before finalizing a design 
using this part. 


~~~[bD[M]D~&~Y1 
L7~!O~ 
Precision,Micro~::~:' 
Single Supply Instrumentation 
Amplifier (Fixed Gain =10 or 100) 


April 1989 


• Gain Error 
• Gain Non-Linearity 
• Gain Drift 
• Supply Current 
• Offset Voltage 
• Offset Voltage Drift 
• Offset Current 
• CMRR,G= 100 
.0.1Hzt010HzNoise 


0.04% Max 
0.0008% (8ppm) Max 
4ppm/oC Max 
105/lAMax 
160/lVMax 
O.4/lV/oCTyp 
600pA Max 
100dB Min 
0.9/lVp-pTyp 
2.3pAp-pTyp 
250kHz Min 
• Gain Bandwidth Product 
• Single or Dual Supply Operation 


• 
Differential Signal Amplification in Presence of 
Common-Mode Voltage 
• Micropower Bridge Transducer Amplifier 
- Thermocouples 
- Strain Gauges 
- Thermistors 
• Differential Voltage to Current Converter 
• Transformer Coupled Amplifier 
• 4mA-20mA Bridge Transmitter 


The LT1101establishes the following milestones: 
(1)It is the first micropower instrumentation amplifier, 
(2)It is the first single supply instrumentation amplifier, 
(3)It is the first instrumentation amplifier to feature fixed 
gains of 10 and/or 100 in low cost, space-saving 8-lead 
packages. 


The LT1101is completely self-contained: no external gain 
setting resistor is required. The LT1101combines its mi- 
cropower operation (75/lAsupply current) with a gain error 
of 0.008%, gain linearity of 3ppm, gain drift of 1ppm/oC. 
The output is guaranteed to drive a 2k load to ± 10V with 
excellent gain accuracy. 


Other precision specifications are also outstanding: 50/lV 
input offset voltage, 130pA input offset current, and low 
drift (0.4/lV/oCand O.7pA/°C). In addition, unlike other in- 
strumentation amplifiers, there is no output offset voltage 
contribution to total error. 


A full set of specifications are provided with ± 15V dual 
supplies and for single 5V supply operation. The LT1101 
can be operated from a single lithium cell or two Ni-Cad 
batteries. Battery voltage can drop as low as 1.8V,yet the 
LT1101still maintains its gain accuracy. In single supply 
applications, 
both input and output voltages swing to 
within a few millivolts of ground. The output sinks current 
while swinging to ground - 
no external, power consum- 
ing pull down resistors are needed. 
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Specifications 
on this datasheet 
are preliminary 
only, and subject 
to 
change without notice. Contact the manufacturer 
before finalizing a design 
using this part. 


Supply Voltage 
±22V 
Differential 
Input Voltage 
± 36V 
Input Voltage 
Equal to Positive Supply Voltage 
....... 
10V Below Negative Supply Voltage 
Output Short Circuit Duration 
Indefinite 
Operating Temperature Range 
LT1101AM/LT1101M 
- 55°C to 125°C 
LT1101Ai/LT11011 
- 40°C to 85°C 
LT1101AC/LT1101C 
O°C to 70°C 
Storage Temperature Range 
All Grades 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


TOPVIEW 
OUTPUT 
8 


4 


V-ICASE) 


H PACKAGE 
8-LEADTO·5METALCAN 


ORDER PART 
NUMBER 


LT1101AMH 
LT1101MH 
LT1101ACH 
LT1101CH 


LT1101AIN8 
LT11011N8 
LT1101ACN8 
LT1101CN8 
LT1101AMJ8 
LT1101MJ8 
LT1101ACJ8 
LT1101CJ8 


ELECTRICAL CHARACTERISTICS 


Vs = 5V, OV, VCM = 0.1V, VREF(PIN 1)= 0.1V, G = 10 or 100, TA = 25°C, unless otherwise 
noted (Note 3). 


LT1101AM/AI/AC 
LT1101M/I/C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


GE 
Gain Error 
G = 100, Vo= 0.1V to 3.5V, RL =50k 
0.010 
0.050 
0.011 
0.075 
% 
G = 10, Vo= 0.1V to 3.5V, RL = 50k 
0.009 
0.040 
0.010 
0.060 
% 


GNL 
Gain Non·Linearity 
G = 100, RL= 50k 
20 
60 
20 
75 
ppm 
G = 10, RL= 50k (Note 1) 
3 
7 
3 
8 
ppm 


Vos 
Input Offset Voltage 
50 
160 
60 
220 
pV 


los 
Input Offset Current 
0.13 
0.60 
0.15 
0.90 
nA 


18 
Input Bias Current 
6 
8 
6 
10 
nA 


Is 
Supply Current 
75 
105 
78 
120 
pA 


CMRR 
Common·Mode 
1k Source Imbalance 
Rejection Ratio 
G = 100, VCM= 0.07V to 3.4V 
95 
106 
92 
105 
dB 
G=10, VcM=0.07Vt03.1V 
84 
100 
82 
99 
dB 


Minimum Supply Voltage 
(Note 4) 
1.8 
2.3 
1.8 
2.3 
V 


Vo 
Maximum Output 
Output High, 50k to GND 
4.1 
4.3 
4.1 
4.3 
V 
Voltage Swing 
Output High, 2k to GND 
3.5 
3.9 
3.5 
3.9 
V 
Output Low, VREF= 0, No Load 
3.3 
6 
3.3 
6 
mV 
Output Low, VREF= 0, 2k to GND 
0.5 
1 
0.5 
1 
mV 
Output Low, VREF= 0, ISINK= 100pA 
90 
130 
90 
130 
mV 


BW 
Bandwidth 
G = 100 (Note 1) 
2.0 
3.0 
2.0 
3.0 
kHz 
G = 10 (Note 1) 
22 
33 
22 
33 
kHz 


SR 
Slew Rate 
(Note 1) 
0.04 
0.07 
0.04 
0.07 
Vips 


ELECTRICAL CHARACTERISTICS 
Vs = ± 15V, VCM = ov, TA = 25°C, Gain = 10 or 100, unless otherwise 
noted. 


LT1101AM/AI/AC 
LT1101MII/C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


GE 
Gain Error 
G=100,Vo= 
±10V,RL=50k 
0.008 
0.040 
0.009 
0.060 
% 


G = 100, Va = ± 10V,RL = 2k 
0.011 
0.055 
0012 
0.070 
% 


G = 10,Vo= ± 10V,RL =50kor2k 
0.008 
0.040 
0.009 
0.060 
% 


GNL 
Gain Non·Linearity 
G = 100, RL = 50k 
7 
16 
8 
20 
ppm 
G = 100, RL = 2k 
24 
45 
25 
60 
ppm 
G = 10, RL = 50k or 2k 
3 
8 
3 
9 
ppm 


Vas 
Input Offset Voltage 
50 
160 
60 
220 
pV 


los 
Input Offset Current 
0.13 
0.60 
0.15 
0.90 
nA 


IB 
Input Bias Current 
6 
8 
6 
10 
nA 


Input Resistance 
Common·Mode 
(Note 1) 
4 
7 
3 
7 
GO 
Differential Mode 
(Note 1) 
7 
12 
5 
12 
GO 


en 
Input Noise Voltage 
0.1Hz to 10Hz(Note 2) 
0.9 
1.8 
09 
pVp·p 


Input Noise Voltage 
fo= 10Hz(Note 2) 
45 
64 
45 
nV/v'Hz 
Density 
fo= 1000Hz(Note 2) 
43 
54 
43 
nV/v'Hz 


in 
Input Noise Current 
0.1Hz to 10Hz(Note 2) 
2.3 
4.0 
2.3 
pAp-p 


Input Noise Current 
fo= 10Hz(Note2) 
0.06 
0.10 
0.06 
pA/v'Hz 
Density 
fo= 1000Hz 
0.02 
0.02 
pAlv'Hz 


Input Voltage Range 
G= 100 
+13.0 
+13.8 
+13.0 
+ 13.8 
V 


-14.4 
-14.7 
-14.4 
-14.7 
V 


G= 10 
+11.5 
+12.5 
+ 11.5 
+ 12.5 
V 
-13.0 
-13.3 
-13.0 
-13.3 
V 


CMRR 
Common·Mode 
1k Source Imbalance 


Rejection Ratio 
G = 100,Over CM Range 
100 
112 
98 
112 
dB 
G = 10, Over CM Range 
84 
100 
82 
99 
dB 


PSRR 
Power Supply 
Vs= +2.2V, -O.1Vto 
±18V 
102 
114 
100 
114 
dB 
Rejection Ratio 


Is 
Supply Current 
92 
130 
94 
150 
pA 


Va 
Maximum Output 
RL = 50k 
±13.0 
± 14.2 
±13.0 
± 14.2 
V 
Voltage Swing 
RL =2k 
±11.0 
±13.2 
±11.0 
± 13.2 
V 


BW 
Bandwidth 
G = 100(Note 1) 
2.3 
3.5 
2.3 
3.5 
kHz 


G = 10(Note 1) 
25 
37 
25 
37 
kHz 


SR 
Slew Rate 
0.06 
0.10 
0.06 
0.10 
Vips 


Note1: This parameter is not tested. It is guaranteed by design and by 
inference from other tests. 


Note 2: This parameter is tested on a sample basis only. 


Note 3: These test conditions are equivalent to Vs = 4.9V, - 0.1V,VCM = OV, 


VREF(PIN 
11= OV. 


Note 4: Minimum supply voltage is guaranteed by the power supply 
rejection test. The LTll0l 
actually works at 1.8V supply with minimal 
degradation in performance. 


ELECTRICAL CHARACTERISTICS 


Vs = ± 15V, VCM = OV, Gain = 10 or 100, - 55'C 
:5TA:5125'C 
for AM/M grades, - 40'C:5TA:585'C 
for Alii grades, unless otherwise noted. 


LT1101AM/AI 
LT1101Mfl 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


GE 
Gain Error 
G= 100, Vo= ± 10V,RL=50k 
0.024 
0.070 
0.026 
0.100 
% 


G = 100, Vo= ± 10V,RL= 5k 
0.030 
0.100 
0.035 
0.130 
% 


G=10,Vo= 
+10V,RL=5Okor5k 
0.015 
0.070 
0.Q18 
0.100 
% 


TCGE 
Gain Error Drift 
G = 100, RL=50k 
2 
4 
2 
5 
ppmfoC 


(Note 1) 
G = 100, RL= 5k 
2 
7 
2 
8 
ppmfoC 
G = 10, RL= 50k or 5k 
1 
4 
1 
5 
ppmfoC 


GNL 
Gain Non-Linearity 
G= 100, RL=5Ok 
24 
70 
26 
90 
ppm 
G = 100, RL= 5k 
70 
300 
75 
500 
ppm 
G = 10, RL= 50k 
4 
13 
5 
15 
ppm 
G= 10, RL=5k 
10 
40 
12 
60 
ppm 


Vos 
Input Offset Voltage 
90 
350 
110 
500 
~V 


IiVO!'JIiT 
Input Offset Voltage Drift 
(Note 1) 
0.4 
2.0 
0.5 
2.8 
~V/oC 


los 
Input Offset Current 
0.16 
0.80 
0.19 
1.30 
nA 


Iilos/IiT 
Input Offset Current Drift 
(Note 1) 
0.5 
4.0 
0.8 
7.0 
pA/oC 


IB 
Input Bias Current 
7 
10 
7 
12 
nA 


1i1s/IiT 
Input Bias Current Drift 
(Note 1) 
10 
25 
10 
30 
pAloC 


CMRR 
Common-Mode 
G = 100, VCM = -14.4V to 13V 
96 
111 
94 
111 
dB 
Rejection Ratio 
G=10,VCM= 
-13Vt011.5V 
80 
99 
78 
98 
dB 


PSRR 
Power Supply 
Vs= + 3.0, - 0.1V to ± 18V 
98 
110 
94 
110 
dB 
Rejection Ratio 


Is 
Supply Current 
105 
165 
108 
190 
~A 


Vo 
Maximum Output 
RL=50k 
±12.5 
±14.0 
± 12.5 
±14.0 
V 
Voltage Swing 
RL=5k 
±11.0 
±13.5 
±11.0 
±13.5 
V 


ELECTRICAL CHARACTERISTICS 


Vs = ± 15V, VCM = OV, Gain = 10 or 100, O'C :5TA:570'C, 
unless otherwise noted. 


LT1101AC 
LT1101C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


GE 
Gain Error 
G = 100, Vo= ± 10V,RL= 50k 
0.012 
0.055 
0.014 
0.080 
% 


G=100, Vo= ±10V, RL=2k 
0.018 
0.085 
0.020 
0.100 
% 


G=10,Vo= 
+10V,RL=50kor2k 
0.009 
0.055 
0.010 
0.080 
% 


TCGE 
Gain Error Drift 
G = 100, RL= 50k 
1 
4 
1 
5 
ppm/oC 
(Note 1) 
G = 100, RL= 2k 
2 
7 
2 
9 
ppm/oC 
G = 10, RL= 5Okor 2k 
1 
4 
1 
5 
ppm/oC 


GNL 
Gain Non-Linearity 
G = 100, RL= 50k 
9 
25 
10 
35 
ppm 
G = 100, RL= 2k 
33 
75 
36 
100 
ppm 
G = 10, RL= 5Okor2k 
4 
10 
4 
11 
ppm 


Vos 
Input Offset Voltage 
70 
250 
85 
350 
~V 


IiVos/IiT 
Input Offset Voltage Drift 
(Note 1) 
0.4 
2.0 
0.5 
2.8 
~V/oC 


los 
Input Offset Current 
0.14 
0.70 
0.17 
1.10 
nA 


Iilos/IiT 
Input Offset Current Drift 
(Note 1) 
0.5 
4.0 
0.8 
7.0 
pAloC 
IB 
Input Bias Current 
6 
9 
6 
11 
nA 


1i1s/IiT 
Input Bias Current Drift 
(Note 1) 
10 
25 
10 
30 
pAloC 


CMRR 
Common-Mode 
G = 100, VCM = -14.4V to 13V 
98 
112 
96 
112 
dB 
Rejection Ratio 
G=10, VCM= 
-13Vt011.5V 
82 
100 
80 
99 
dB 


PSRR 
Power Supply 
Vs=2.5, 
-O.1Vto 
±18V 
100 
112 
97 
112 
dB 
Rejection Ratio 


Is 
Supply Current 
98 
148 
100 
170 
~A 


Vo 
Maximum Output 
RL=5Ok 
±12.5 
±14.1 
±12.5 
±14.1 
V 
Voltage Swing 
RL= 2k 
±10.5 
±13.0 
±10.5 
±13.0 
V 


ELECTRICAL CHARACTERISTICS 


Vs= 
5V, OV,VCM=O.1V, 
VREF(PIN 1)=0.1V,Gain = 100r 
100, -55°C~TA~125°C 
for AM/M grades, -40oC~TA~85°C 
for Alii grades, 


unless otherwise 
noted. 


lT1101AM/AI 
lT1101MII 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


GE 
Gain Error 
G = 100, Vo= 0.1V t03.5V, RL = 50k 
0.026 
0.080 
0.028 
0.120 
% 
G = 10, VCM= 0.15, RL = 50k 
0.011 
0.070 
0.014 
0.100 
% 


TCGE 
Gain Error Drift 
RL = 50k (Note 1) 
1 
4 
1 
5 
ppm/oC 


GNL 
Gain Non·linearity 
G= 100, RL =50k 
45 
110 
48 
140 
ppm 
G = 10, RL = 50k (Note 1) 
4 
13 
5 
15 
ppm 


Vos 
Input Offset Voltage 
90 
350 
110 
500 
~V 


t:.YodAT 
Input Offset Voltage 
(Note 1) 
0.4 
2.0 
0.5 
2.8 
~V/oC 
Drift 


los 
Input Offset Current 
0.16 
0.80 
0.19 
1.30 
nA 


Alos/AT 
Input Offset Current 
(Note 1) 
0.5 
4.0 
0.8 
7.0 
pAloC 
Drift 


Is 
Input Bias Current 
7 
10 
7 
12 
nA 


AIslAT 
Input Bias Current 
(Note 1) 
10 
25 
10 
30 
pAloC 
Drift 


CMRR 
Common-Mode 
G = 100, VCM=0.1V to 3.2V 
91 
105 
88 
104 
dB 
Rejection Ratio 
G = 10, VCM=0.1V to 2.9V, VREF=0.15V 
80 
98 
77 
97 
dB 


Is 
Supply Current 
88 
135 
92 
160 
pA 


Vo 
Maximum Output 
Output High, 50k to GND 
3.8 
4.1 
3.8 
4.1 
V 
Voltage Swing 
Output High, 2k to GND 
3.0 
3.7 
3.0 
3.7 
V 
Output low, VREF= 0, No load 
4.5 
8 
4.5 
8 
mV 
Output low, VREF= 0, 2k to GND 
0.7 
1.5 
0.7 
1.5 
mV 
Output low, VREF= 0, IS1NK = loopA 
125 
170 
125 
170 
mV 
ELECTRICAL CHARACTERISTICS 


Vs= 
5V, OV,VCM=O.1V, 
VREF(PIN 1)=0.1V,Gain = 10 or 100, 0°C~TA~70oC, unless otherwise noted. 


lT1101AC 
lT1101C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


GE 
Gain Error 
G = 100, Vo = 0.1V to 3.5V, RL = 50k 
0.017 
0.065 
0.Q18 
0.095 
% 


G= 10, VcM=0.15V, RL =50k 
0.010 
0.060 
0.012 
0.080 
% 


TCGE 
Gain Error Drift 
RL = 50k (Note 1) 
1 
4 
1 
5 
ppm/oC 


GNL 
Gain Non·linearity 
G= 100, RL =50k 
25 
80 
25 
100 
ppm 
G = 10, RL = 50k (Note 1) 
4 
10 
4 
11 
ppm 


Vos 
Input Offset Voltage 
70 
250 
85 
350 
~V 
AVos/AT 
Input Offset Voltage 
(Note 1) 
0.4 
2.0 
0.5 
2.8 
~V/oC 
Drift 


los 
Input Offset Current 
0.14 
0.70 
0.17 
1.10 
nA 


Alos/AT 
Input Offset Current 
(Note 1) 
0.5 
4.0 
0.8 
7.0 
pAloC 
Drift 


Is 
Input Bias Current 
6 
9 
6 
11 
nA 
AIslAT 
Input Bias Current 
(Note 1) 
10 
25 
10 
30 
pAloC 
Drift 


CMRR 
Common-Mode 
G=100, 
VcM=0.07Vt03.3V 
93 
105 
90 
104 
dB 
Rejection Ratio 
G = 10, VCM= 0.07Vto 3.0V, VREF=0.15V 
82 
99 
80 
98 
dB 


Is 
Supply Current 
80 
120 
85 
145 
~A 
Vo 
Maximum Output 
Output High, 50k to GND 
4.0 
4.2 
4.0 
4.2 
V 
Voltage Swing 
Output High, 2k to GND 
3.3 
3.8 
3.3 
3.8 
V 
Output low, VREF= 0, No load 
4 
7 
4 
7 
mV 
Output Low, VREF= 0, 2k to GND 
0.6 
1.2 
0.6 
1.2 
mV 
Output low, VREF= 0, IS1NK = 100pA 
100 
150 
100 
150 
mV 
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Single Supply Applications 


The LT1101is the first instrumentation amplifier which is 
fully specified for single supply operation, i.e. when the 
negative supply is OV.Both the input common-mode range 
and the output swing are within a few millivolts of ground. 


Probably the most common application for instrumenta· 
tion amplifiers is amplifying a differential signal from a 
transducer or sensor resistance bridge. All competitive in- 
strumentation amplifiers have a minimum required com· 
mon·mode voltage which is 3V to 5V above the negative 
supply. This means that the voltage across the brid~e ha~ 
to be 6V to 10V or dual supplies have to be used, I.e. ml- 
cropower, single battery usage is not attainable on com· 
petitive devices. 


The minimum output voltage obtainable on the LT1101is a 
function of the input common-mode voltage. When the 
common-mode voltage is high and the output is low, cur· 
rent will flow from the output of amplifier A into the output 
of amplifier B. See the Minimum Output Voltage vs Com· 
mon-Mode Voltage plot. 


Similarly, the Minimum Common-Mode Voltage vs Output 
Voltage plot specifies the expected common-mode range. 


When the output is high and input common·mode is low, 
the output of amplifier A has to sink curre~t comin,g fro~ 
the output of amplifier B. Since amplifier A IS effectively In 
unity gain, its input is limited by its output. 


Common-Mode Rejection YS Frequency 


The common·mode rejection ratio (CMRR)of the LT1101 
starts to roll off at a relatively low frequency. However,as 
shown on the CMRR vs Frequency plot, CMRR can be en· 
hanced significantly by connecting an ~2pF capa?itor b~· 
tween pins 1 and 2. This improvement IS only available In 
the gain 100 configuration, and it is in excess of 30dB at 
60Hz. 


Offset Nulling 


The LT1101 is not equipped with dedicated offset null 
terminals. In many bridge transducer or sensor applica- 
tions, calibrating the bridge simultaneously eliminates the 
instrumentation amplifier's offset as a source of error. For 
example, in the Micropower Remote Temperature Sensor 
Application shown, one adjustment removes the offset er- 
rors due to the temperature sensor, voltage reference and 
the LT1101. 


A simple resistive offset adjust procedure is shown below. 
If R= 50 for G= 10,and R= 500 for G= 100then the effect 
of Ron gain error is approximately 0.006%. Unfortunately, 
about 450JlAhas to flow through R to bias the reference 
terminal (pin 1) and to null out the worst·case offset volt· 
age, The total current through the resistor network can ex- 
ceed 1mA, and the micropower advantage of the LT1101 is 
lost. 


Another offset 
adjust 
scheme uses the LT10?? micro- 
power op amp to drive the reference pin 1. Gain error and 
common·mode rejection are unaffected, the total current 
increase is 45JlA.The offset of the LT10??is trimmed and 
amplified to match and cancel the offset voltage of the 
LT1101.Output offset null range is ± 25mV, 


Gains Between 10 and 100 


Gains between 10 and 100can be achieved by connecting 
two equal resistors (= Rx)between pins 1and 2 and pins 7 
and 8. 


Gain=10t 
Rx 
Rt Rx/90 


The nominal value of R is 9.2kfl. The usefulness of this 
method is limited by the fact that R is not controlled to 
better than ± 10% absolute accuracy in production, How· 
ever, on any specific unit 90R can.be measured between 
pins 1and 2. 


Input Protection 


Instrumentation amplifiers are often used in harsh envi- 
ronments where overload conditions 
can occur. The 
LT1101employs PNP input transistors, consequelt1y the 
differential input voltage can be ± 30V (with ± 15V sup· 
plies, ± 36Vwith ± 18Vsupplies) without an increase in in- 
put bias current. Competitive instrumentation 
amplifiers 
have NPN inputs which are protected by back to back 
diodes. When the differential 
input voltage 
exceeds 
± 1.3V on these competitive devices, input current in- 
creases to the milliampere level; more than ± 10Vdifferen- 
tial voltage can cause permanent damage, 


When the LT1101's inputs are pulled above the positive 
supply, the inputs will clamp a diode voltage above the 
positive supply. No damage will occur if the input current 
is limited to 20mA. 


5000 resistors in series with the inputs protect the LT1101 
when the inputs are pulled as much as 1UV below the 
negative supply. 


TRIM 
UTPUT TO 250mV AT 25°C 
TEMPERATURE RANGE~2.5°C 
TO 150°C 
ACCURACY = ±O.5°C 


GAIN =10, 
DEGRADED BY 0.01% 
DUE TO LT101D 
OUTPUT = ± 1DV INTO 750 (TO 105kHz) 
DRIVES ANY CAPACITIVE LOAD 
SINGLE SUPPLY APPLICATION (V+ 
=5V, 
V- 
=OV): 


VOUT MIN= 12DmV, VOUT MAX=3.4V 


GAIN = 200, AS SHOWN 
GAIN = 20, SHORT PIN 1 TO PIN 2, PIN ?TO 
PIN 8 
ON BOTH DEVICES 
GAIN = 110, SHORT PIN 1 TO PIN 2, PIN ?TO PIN 8 
ON ONE DEVICE, NOT ON THE.OTHER 
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Instrumentation 
Amplifier (Fixed Gain =10 or 100) 


May 1989 


• Settling Time (0.01%) 
• Slew Rate 
• Gain-Bandwidth Product 
• Gain Error 
• Gain Drift 
• Gain Non-Linearity 
• Offset Voltage (Input + Output) 
Drift with Temperature 
• Input Bias Current 
• Input Offset Current 
Drift with Temperature (to lO°C) 


• Common-Mode Rejection Ratio 
G= 100 
G=10 


3jls 
25V/jls 
30MHz 
0.05% Max 


5ppm/oC 
10ppm Max 
500jlV Max 


2.5jlVfOC 
50pA Max 
40pA Max 


1pA/oC 


100dB 
94dB 


• Fast Settling Analog Signal Processing 
• Multiplexed Input Data Acquisition Systems 
• 
High Source Impedance Signal Amplification from High 
Resistance Bridges, Capacitance Sensors, Photodetec- 
tor Sensors 
• 
Bridge Amplifier with <1Hz Lowpass Filtering 


The LT1102is the first fast FET input instrumentation am- 
plifier 
offered 
in the low cost, 
space 
saving a-pin 
packages. Fixed gains of 10 and 100are provided with ex- 
cellent gain accuracy (0.015%) and non-linearity (2ppm). 
No external gain setting resistor is required. 


The fastest slew rate of any instrumentation amplifier is 
combined with impressive precision specifications: 
less 
than 10pA input bias and offset currents, 200jlVoffset volt- 
age. Unlike other FET input instrumentation amplifiers, on 
the LT1102there is no output offset voltage contribution 
to total error, and input bias currents do not double with 
every WC 
rise in temperature. Indeed, at lO°C ambient 
temperature the input bias current is only 50pA. 


GROUNO PIN 1. OUTPUT AT PIN 8 
G= 100: NO ADDITIONAL 
CONNECTIONS 
G=10: 
SHORT PIN 2 TO PIN 1, SHORT PIN 7 TO PIN 8 


Specifications 
on this 
datasheet 
are preliminary 
only, and subject to 


change without notice. Contact the manufacturer before finaiizing a design 
using this part. 
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LTCl150 


+15V Chopper 
Stabilized 
Operational 
Amplifier with 
Internal Capacitors 


June 1989 


The LTCl150 is a high-voltage, high-performance chopper 
stabilized operational amplifier. The two sample-and-hold 
capacitors 
usually required externally by other chopper 
amplifiers are integrated on-chip. Further, the LTC's propri- 
etary high-voltage CMOS structures allow the LTCl150 to 
operate at up to 36V total supply voltage. 


The LTCl150 has an offset voltage of 0.5p.V,drift of O.Olp.V/oC, 
0.1Hz to 10Hz input noise voltage of 1.8p.Vp-pand a typical 
voltage gain of 180dB. The slew rate of 3V/p.s and a gain 
bandwidth product of 2.5MHz are achieved with 0.8mA of 
supply current. Overload recovery times from positive and 
negative 
saturation 
conditions 
are 
3ms 
and 
20ms, 
respectively. 


For applications demanding low power consumption, pin 1 
can be used to program the supply current. Pin 5 is an op- 
tional AC-coupled clock input, useful for synchronization. 


The LTCl150 is available in standard 8-pin metal can, plas- 
tic and ceramic dual in line packages as well as an 8-pin 
S08 package. The LTCl150 can be a plug-in replacement 
for most standard bipolar op amps with significant 
im- 
provement in DC performance. 


• High Voltage Operation, ± 18V 
• No External Components Required 
• Maximum Offset Voltage 5p.V 
• Maximum Offset Voltage Drift 0.05p.V/oC 
• Low Noise, 1.8p.Vp-p(0.1Hzto 10Hz) 
• Minimum Voltage Gain 140dB 
• Minimum PSRR130dB 
• Minimum CMRR 120dB 
• Low Supply Current 0.8mA 
• Single Supply Operation 4.75V to 36V 
• Input Common Mode Range Includes Ground 
• 200p.ASupply Current with Pin 1Grounded 
• Typical Overload Recovery Time 20ms 


• Strain Gauge Amplifiers 
• Electronic Scales 
• Medical Instrumentation 
• Thermocouple Amplifiers 
• High Resolution Data ACQuisition 


OUTPUT 
OFFSET 
" 
5mV 
TOTAL SUPPLY 
CURRENT 
DECREASES 


'::' 
TO 400pA 
WHEN 
BOTH PIN 1'5 
ARE GROUNDED 


Specifications 
on this datasheet 
are preliminary 
oniy, and subject 
to 
change without notice. Contact the manufacturer 
before finalizing a design 
using this part. 


ABSOLUTE mAXimum 
RATinGS 
(Note 1) 


Total Supply Voltage (V+ to V-) 
36V 
Input Voltage 
(V+ +0.3V)to (V- - 0.3V) 


Output Short Circuit Duration 
Indefinite 
Burn·ln Voltage 
30V 


Operating Temperature Range 
LTC1150M 
- 55°C to 125°C 
LTC1150C 
- 40°C to 85°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300oC 


TOP VIEW 


CLOCK OUT 


8 


ORDER PART 
NUMBER 


LTC1150MH 
LTC1150CH 


4 
v- 


H PACKAGE 
HEAD 
TO-5 METAL CAN 


TOP VIEW 


IsuPPlY08 CLOCK OUT 


-IN 
2 
7 
V+ 


+IN 
3 
6 
OUT 


V- 
4 
5 
~T 
CLOCK 


J PACKAGE 
N PACKAGE 


HEAD 
CERAMIC DIP 
HEAD 
PLASTIC DIP 


LTC1150MJ8 
LTC1150CJ8 
LTC1150CN8 


ORDER PART 
NUMBER 


LTC1150MJ 
LTC1150CJ 
LTC1150CN 


ELECTRICAL CHARACTERISTICS 


Vs= ± 15V,Pin 1 = Open, TA= Operating Temperature Range, Unless Otherwise Specified. 


LTC1150M 
I 
LTCll50C 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
TA = 25°C (Note 3) 
±0.5 
±5 
±0.5 
±5 
~V 


Average Input Offset Drift 
(Note 3) 
• 
±0.01 
±0.05 
±0.01 
±0.05 
~V,oC 


Long Term Offset Voltage Drift 
50 
50 
nV',[ffio 


Input Offset Current 
TA=25°C 
±20 
±60 
±20 
±100 
pA 
• 
±150 
±150 
pA 


Input Bias Current 
TA=25°C 
±10 
±30 
±10 
±50 
pA 
• 
±800 
±100 
pA 


Input Noise Voltage 
Rs= 1000, 0.1Hz to 10Hz, TC2 
1.8 
1.8 
~Vp·p 


Rs= 1000, 0.1Hz to 1Hz, TC2 
0.6 
0.6 
~Vp·p 


Input Noise Current 
f = 10Hz (Note 4) 
2.5 
2.5 
IAJ-IHz 


Common Mode Rejection Ratio 
VCM = V- to 12V 
• 
120 
115 
dB 


ELECTRICAL CHARACTERISTICS 


Vs = ± 15V,Pin 1=Open, TA=Operating Temperature Range, Unless Otherwise Specified. 


LTC1150M 
LTC1150C 
PARAMETER 
.CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Power Supply Rejection Ratio 
Vs = ± 2.375V to ± 16V 
• 
130 
145 
125 
145 
dB 


Large Signal Voltage Gain 
RL = 10kO,VOUT= ± 10V 
• 
140 
180 
140 
180 
dB 


Maximum Output Voltage Swing 
RL = 10kO 
TA=25°C 
±13.8 
±14.5 
±13.8 
±14.5 
V 


RL = 10kO 
• 
±11.3 
±12.3 
V 


RL = 1ookO 
±14.95 
±14.95 
V 


Slew Rate 
RL = 10kO,CL = 50pF 
3 
3 
VIps 


Gain Bandwidth Product 
2.5 
2.5 
MHz 


Supply Current 
No Load 
TA=25°C 
0.8 
1.2 
0.8 
1.2 
mA 


No Load, Pin 1= V- 
TA=25°C 
0.2 
0.2 
mA 


No Load 
• 
1.8 
1.8 
mA 


Internal Sampling Frequency 
550 
550 
Hz 


ELECTRICAL CHARACTERISTICS 


Vs =5V,Pin 1=Open, TA=Operating Temperature Range, Unless Otherwise Specified. 


LTC1150M 
LTC1150C 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
TA = 25°C (Note 3) 
±0.5 
±5 
±0.5 
±5 
pV 


Average Input Offset Drift 
(Note 3) 
• 
±0.01 
±0.05 
±0.01 
±0.05 
pV/oC 


Long Term Offset Voltage Drift 
50 
50 
nV/.Jmo 


Input Offset Current 
TA = 25°C 
±10 
±30 
±10 
±60 
pA 
• 
±1oo 
±100 
pA 


Input Bias Current 
TA=25°C 
±5 
±15 
±5 
±30 
pA 
• 
±400 
±100 
pA 


Input Noise Voltage 
Rs= 1000, 0.1Hz to 10Hz, TC2 
2.0 
2.0 
pVp·p 


Rs= 1000, 0.1Hzto 1Hz, TC2 
0.7 
0.7 
pVp·p 


Input Noise Current 
f = 10Hz (Note 4) 
1.3 
1.3 
fAJ.JHz 


Common Mode Rejection Ratio 
VCM= OVto 2.7V 
• 
110 
110 
dB 


Power Supply Rejection Ratio 
Vs = ± 2.375V to ± 16V 
• 
130 
145 
125 
145 
dB 


Large Signal Voltage Gain 
RL = 10kO,VoUT=0.3V to 4.5V 
• 
130 
180 
130 
180 
dB 


Maximum Output Voltage Swing 
RL = 10kO 
0.15-4.85 
0.15 - 4.85 
V 


RL = 1ookO 
0.02-4.97 
0.02-4.97 
V 


Slew Rate 
RL = 10kO,CL = 50pF 
1.5 
1.5 
VIps 


Gain Bandwidth Product 
1.8 
1.8 
MHz 


Supply Current 
No Load 
TA=25°C 
0.4 
0.65 
0.4 
0.65 
mA 
• 
0.95 
0.95 
mA 


Internal Sampling Frequency 
300 
300 
Hz 


The. 
denotes the specifications 
which apply over the full operating 
temperature range. 
Note1: 
Absoiute Maximum Ratings are those values beyond which life of 
the device may be impaired. 


Note 2: Connecting any terminal to voltages greater than V+ or less than 
V- may cause destructive latch·up.lt 
is recommended that no sources op- 


erating from external supplies be applied prior to power-up of the LTC1150. 


Note 3: These parameters are guaranteed by design. Thermocouple 
effects 
~ 


preclude measurement of these voltage levels in high-speed automatic test 
~ 


systems. Ves is measured to a limit determined by test equipment 
capability. 


Note 4: Current Noise is calculated from the formula: 


IN=.J(2q.1b) 


where q = 1.6 X 10-19 Coulomb. 
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Large Signal Transient Response, 
Pin 1=Y- 


Small Signal Transient Response, 
Pin1=Y- 


Pin DESCRIPTion 


1) a·PIN PACKAGES 


Pin 1 - Supply Current Programming Pin. The circuit sup- 
ply current can be programmed through pin 1.When pin 1 
is left open in normal operation the supply current is 
800/LA. Supply current can be reduced by connecting are· 
sistor between pin 1 and pin 4, the negative supply pin. 
The supply current, as a function of the resistor value, is 
shown in typical performance curves. 


Pin 5 - Optional External Clock Input. The LTC1150has an 
internal oscillator to control the circuit operation of the 
amplifier. When an external clock is desirable it can be 
applied to pin 5. The applied clock is AC·coupled to the in· 
ternal circuitry to simplified interface requirements. The 
amplitude of clock input signal needs to be greater than 
2V and the voltage level has to be within the supply volt· 
age range. Duty cycle is not critical. The internal chopping 
frequency is the external clock frequency divided by four. 
When frequency of the external clock falls below 100Hz 
(internal chopping at 25Hz), internal oscillator takes over 
~ 
and the circuit chops at 550Hz. 
••• 


Pin 8 - Clock Output Pin. The signal coming out of this pin 
is at the internal oscillator frequency of about 2.2kHz (four 
times the chopping frequency) and has voltage levels at 
VH= + Vs and VL= + Vs - 4.6V.If the circuit is driven by an 
external clock, pin a is pulled up to + Vs. 


Pin 1 - Supply Current Programming Pin. Function same 
as in a·pin packages. 


Pin 7 - Negative Supply. 


Pin 10 - Output. 


Pin 11- Positive Supply. 


Pin 12 - Clock Output Pin. Signal frequency is that of the 
chopping frequency. The voltage level swings between 
+ Vs and + Vs - 4.6V. 


Pin 13 - External Clock Input. With pin 14tied to the - Vs 
supply, an external clock can be applied to pin 13 with the 
threshold 2.2V below the + Vs supply. Chopping frequency 
of the circuit is the input clock frequency divided by four. 
With no external connection, pin 14 is pulled up to +Vs 
supply and the internal oscillator 
controls 
the circuit 
operation. A switching signal of the oscillator frequency 
(2.2kHz)appears on pin 13. 


Pin 14 - Internal/External Clock Selection Pin. Refer to de· 
scription of pin 13. 


• 1.5A Bipolar Switch 
• Controlled Output Slew Rate (2V/lls)to Limit R.F.I. 


Generation 
• 60V Load Dump Capability with Inductive Kickback 
• Internal Negative Voltage Clamp for Inductive Loads 
• 500ilA Standby Current 
• Logic Input - 
TTL Levels 
• Low Input Bias Current (20IlA) 
• Status Output 
• Short Circuit Detection and Shutoff 
• Open Circuit Detection 
• Overtemp Detection and Shutoff 


• Solenoid Driver 
• 
Relay Driver 


• 
Motor Driver 
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LTl188 


1.5A High Side Switch 


May 1989 


The LT1188 is a monolithic high side switch employing 
bipolar technology. The device is designed to operate in 
harsh environments such as those encountered in the au· 
tomotive industry. The device incorporates an internal 
clamp diode to clamp the negative voltage spikes gener· 
ated by inductive loads such as solenoids and is capable 
of withstanding load dumps of 60Von the supply pin while 
clamping such spikes. Standby current is only 500ilA and 
ground pin current, when driving a 1A load, is only 5mA. 


The devices input logic levels are designed to be compati· 
ble with standard TTL levels while drawing only 20llA in 
the on state. A status output is provided to inform the user 
of the condition of the output load as well as the switch. 
The status pin will change state for shorted as well as 
open loads and will also indicate when the device is above 
normal operating temperature. The device protects itself 
against short circuited loads by limiting output current 
and then shutting itself off after a specified time if the 
short remains. The device protects itself against overtem· 
perature by shutting itself off. Overtemperature shutoff 
occurs at a temperature above where the status pin over· 
temp indication occurs, allowing the user time to recog· 
nize and possibly correct the problem before drive to the 
load is removed. 


ONE 


SHOT 
SL 


Specifications 
on this datasheet are preliminary 
only, and subject 
to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 


Supply Voltage 
30V 
Supply Voltage (Transient 200ms) 
60V 
Logic Input Voltage 
30V 
Operating Temperature Range 
LT1188M 
-55°Cto 
125°C 
LT1188C 
O°Cto 70°C 
Junction Temperature Range 
LT1188M 
-55°Cto 
175°C 
LT1188C 
O°C to 100°C 
Storage Temperature 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 see) 
300°C 


ORDER PART 
FRONT VIEW 
NUMBER 
5 
OUTPUT 


TAB IS 
4 
VPWR 


GROUND 
3 
GROUND 


2 
STATUS 
LT1188CT 
01 
INPUT 


T PACKAGE 
HEAD 
TO-220 


BonOM 
VIEW 
LT1188CK 
LT1188MK 


K PACKAGE 
HEAD 
TO-3 METAL CAN 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Switch Voltage Loss (VCC-VOUT,Switch On) 
lOUT= 1_0A,5V sVccs30V 
• 
1.0 
1.2 
V 
lOUT= 1.5A, 5V <Vcc<30V 
• 
1.2 
1.4 
V 


Output Leakage Current 
Vcc=30V, VOUT=OV,V1N=OV 
• 
5 
150 
~A 


High Level Input Voltage 
5V sVccs30V, 
lOUT= 1.5A, (Note 2) 
• 
2.0 
V 


Low Level Input Voltage 
5V sVccs30V, 
lOUT= O.OA,(Note 3) 
• 
0.8 
V 


High Level Input Current 
5VsVccs30V, 
VIN=2.0V 
• 
5 
20 
60 
~A 


Low Level Input Current 
5V<Vcc<30V, 
V1N=0.4V 
• 
0 
1 
~A 


Status Pin Saturation Voltage 
5V < Vcc<30V, 
ISTATUS=1mA 
• 
0.2 
0.4 
V 


Status Leakage Current 
Vcc=30V, VsTAT=5.5V 
• 
1 
~ 
Standby Current 
V1N=0.4V, RL= <Xl, Vcc=30V 
Status = High 
• 
500 
650 
~A 
Status = Low 
• 
550 
750 
~A 


Ground Pin Current 
Vcc = 30V, lOUT= 1.5A 
• 
9 
15 
mA 


Clamp Voltage 
ICLAMP= 1.0A, (Note 4) 
• 
8 
10 
V 
ICLAMP= 1.5A, (Note 4) 
• 
9 
12 
V 


Turn·On Delay 
(Note 5) 
• 
30 
~s 


Turn·Off Delay 
(Note 6) 
• 
30 
~S 


Output Slew Rate 
Vcc = 17V, RL= 160 
Output Rising 
• 
0.5 
1.2 
5.0 
V/~s 
Output Falling 
• 
0.5 
2.0 
5.0 
V/~s 


Short Circuit Current 
VCC-VOUT=7V 
3.5 
A 
• 
2.0 
4.7 
A 
VCC-VOUT=17V 
2.5 
A 
• 
1.5 
4.0 
A 
VCC-VOUT= 30V 
1.5 
A 
• 
0.5 
3.0 
A 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Short Circuit Sense Time (tsel 
Vcc=30V 
• 
20 
50 
110 
~s 


Status Reset Time (tRl 
Vcc= 30V 
600 
~s 
• 
350 
950 
~s 


Open Circuit Current Trip Level 
• 
18 
40 
75 
mA 


Overtemp Detection Point 
150 
°C 


Thermal Resistance 
Junction to Case (Note 7) 
4.0 
°CIW 


Note 5: Turn on delay time is defined to be the time from the rising edge of 
the input signal to the time that the output voltage is equal to 2V. 


Note 6: Turn off delay time is defined to be the time from the falling edge of 
the input signal to the time that the output drops by 2V. 


Note 7: Thermal resistance is from the junction of the switch transistor to 
the back of the case directly below the switch transistor. The device will be 
centered in the package and proper mounting techniques are required in or· 
der to have good thermal conduction away from this area of the package. 


Note1: The. 
denotes specifications 
which apply over the full operating 
temperature range. 


Note 2: 2.0V is the minimum input voltage guaranteed to turn the device 
on. For input voltages greater than 2.0V the output voltage is guaranteed to 
be turned on. 


Note 3: 0.8V is the maximum input voltage guaranteed to turn the device 
off. For input voltages less than 0.8V the device is guaranteed to be turned 
off. 
Note 4: The negative voltage clamp is designed for intermittent 
operation 
such as clamping the reverse voltage spike caused by an inductive load. 
Clamp duration should be less than lOOms. 
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Output: As can be seen from the block diagram the output 
of the device is the emitter of an NPN power transistor 
which can source current from the supply. The slew rate of 
the output, both rising and falling, is controlled to mini- 
mize the generation of RFI. In the negative direction the 
output pin is clamped to ground with a combination diodel 
zener clamp. This clamp is designed to clamp the flyback 
voltage spike of an inductive load such as a solenoid. This 
clamp is designed for intermittent operation. The duration 
of the flyback spike should be less than 100ms. This al· 
lows a wide range of inductive loads. In the positive direc· 
tion the output pin is clamped to the supply with a diode. 


Ground: The ground pin of the device must be connected 
for the device to turn on. For an open ground pin the de· 
vice will be in an off state. 


Input: The input pin of the device must be driven above the 
input voltage threshold for the device to turn on. The input 
voltage threshold is designed to be compatible with stand- 
ard TTL levels, while the input impedance is high. Input 
current above the threshold is typically 20p.A.For an open 
input pin the device will remain in an off state. The input 


logic requires a minimum input voltage slew rate of 3V/ms. 
This is several orders of magnitude slower than any logic 
family currently in use and should not normally cause any 
problems. 


Status: The status output is the collector of a grounded 
emitter NPN transistor whose base is internally driven by 
the status logic. A logic low indicates a fault condition 
(see Truth Table). This output requires an external pull·up 
resistor that should be chosen so that the current into the 
status pin, when the status pin is pulled low, is <1mA.The 
breakdown voltage of this NPN collector is equal to that of 
the output switch. 


Diagnostic 
Truth Table 


Input 
Output 
Status 


Normal Operation 
L 
L 
H 
H 
H 
H 


Open Load 
L 
X 
H 
H 
H 
L 


Shorted Load 
L 
L 
L 
H 
L 
L 


Thermal Overload 
L 
L 
H 
H 
L 
L 


Open Circuit Fault: The status output will be pulled low if 
the output current drops below the open circuit current 
threshold (typically 40mA). The open circuit detector is 
only active during the time that the switch is on (input 
high), and will only affect the status output during that 
time. For open circuit faults the status output will not 
latch low. The status line will be low only as long as the 
fault condition exists. 


Short Circuit Fault: For short circuit faults lasting longer 
than the short circuit sense time (:::::60p.s),two things will 
occur; the output switch will be latched off and the status 
output will be latched low. The output will remain off until 
the input is recycled. The status output will remain low un- 
til both the short is removed and the input is recycled, and 
will be reset high after the status reset time (:::::500p.s)has 
elapsed. For continuous shorts the output will turn on, for 
the short circuit sense time, each time the input is cycled 


and the status output will remain latched low. The current 
at which the short circuit detector activates is a function 
of the supply voltage as can be 5':8n by looking at the 
short circuit 
current curve in the typical 
performance 
characteristics. 


Thermal Fault: Thermal faults can occur for two reasons, 
heating from external sources or heating due to power dis· 
sipation in the switch itself. The device will act similarly 
for both cases. Thermal faults will only affect the status 
output during the time that the switch is on (input high). 
Thermal faults will cause the status output to latch low for 
the duration of an input cycle. The status output will be reo 
~ 
set on the falling edge of the input waveform. There are 
••• 
two levels of thermal overload. At :::::150oCjunction tem· 
perature the thermal sensing circuitry will latch the status 
output low, and the output will remain on (as long as the 
input is high). At :::::165°C the thermal sensing circuitry will 


turn the output off. If the junction temperature drops back 
below :::::165°Cthe output will turn back on. This means 
that if the thermal fault is caused by an external source 
the output will stay off as long as the temperature is held 
above:::::165°C. If the thermal fault is caused by internal 
power dissipation, the device will cycle on and off to main- 
tain the junction temperature near 165°C. The status out· 
put gives a fault indication at a temperature below the 
actual shutdown temperature to allow the user time to 
sense and possibly correct the fault condition before the 
switch takes action to protect itself. 


Load Dump: For transient supply voltages greater than 
35V or for transient switch voltages greater than 35V, a 
separate clamp network will turn the output off. This is 
necessary to keep the switch within its safe operating 
area and also to prevent the device from passing the high 


voltage transient on to the load. To guarantee survival of 
the switch for load dump type transients the risetime of 
the supply voltage, at the supply pin of the device, should 
be limited to < Wills. This is to allow the device time to 
turn off between when the supply voltage reaches 35V and 
when the supply voltage reaches 50V so that the device is 
turned off well below its BVCEO voltage. If the device is 
bypassed closely, the series inductance and resistance of 
the supply leads along with the supply bypass capacitor 
will form an RLC filter and will limit the risetime. The slew 
rate limiting circuitry will be disabled during this transient 
turn off time. The output will remain off until the supply 
voltage drops back below 35V. During the time that the 
output is turned off by this clamp network the open circuit 
detector will still be active and will set the status pin low 
until the output comes back on and the output current is 
greater than the open circuit current. 
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• Software Programmable Features 
Unipolar/Bipolar Conversions 
4 Differential/8 Single Ended Inputs 
MSB or LSB First Data Sequence 
Variable Data Word Length 
Power Shutdown 
• Built·ln Sample and Hold 
• Single Supply 5V,10Vor ± 5VOperation 
• Built-In Sample and Hold for Single Ended Inputs 
• Direct 4Wire Interface to Most MPUSerial Ports and all 
MPU Parallel Ports 
• 50kHz Maximum Throughput Rate 


• Resolution 
• Fast Conversion Time 
• Low Supply Current 


12Bits 


13J!s Max. OverTemp. 
5.0mA 
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LTC1290 


Single Chip 12-Bit Data 
Acquisition System 


May 1989 


The LTC1290is a data acquisition component which con· 
tains a serial I/O successive approximation AID converter. 
It uses LTCMOSTMswitched capacitor technology to per· 
form either 12·bit unipolar, or 11·bit plus sign bipolar AID 
conversions. The 8 channel input multiplexer can be con· 
figured for either single ended or differential 
inputs (or 
combinations thereof). An on·chip sample and hold is in· 
eluded for all single ended input channels. When the 
LTC1290is idle it can be powered down in applications 
where low power consumption is desired. 


The serial I/O is designed to be compatible with industry 
standard full duplex serial interfaces. It allows either MSB 
or LSB first data and automatically provides 2's comple· 
ment output coding in the bipolar mode. The output data 
word can be programmed for a length of 8, 12 or 16·bits. 
This allows easy interface to shift registers and a variety 
of processors. 


LTCMOS is a trademark 
of LinearTechnology 
Corporation. 
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Specifications 
on this datasheet are preliminary 
only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 


ABSOLUTEmAXimum RATinGS 
PACKAGE/ORDERInFORmATion 


(Notes 1 and 2) 
SupplyVoltage(VccltoGNDorV- 
12V 
Negative Supply Voltage (V-) 
- 6V to GND 
Voltage 
Analog and Reference Inputs .. (V-) - O.3Vto Vcc + O.3V 
Digital Inputs 
- O.3Vto 12V 
Digital Outputs 
- O.3Vto Vcc + O.3V 
Power Dissipation 
500mW 
Operating Temperature Range 
LTC1290BC, LTC1290CC 
O°Cto 70°C 
LTC1290BI, LTC1290CI 
-40°Ct085°C 
LTC1290BM, LTC1290CM 
- 55°C to 125°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


TOP VIEW 
ORDER PART 


CHO 
1 
NUMBER 


LTC1290BMJ 
LTC1290CMJ 
LTC1290BIJ 
LTC1290CIJ 
LTC1290BCJ 
LTC1290CCJ 


11 
AGNO 


J PACKAGE 
20·LEAO 
CERAMIC 
OIP 


LTC1290B 
LTC1290C 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Offset Error 
(Notes 4 and 5) 
• 
+1.5 
+1.5 
LSB 


Lin3arity Error 
(Notes 4 and 5) 
• 
+0.5 
+0.5 
LSB 


Gain Error 
(Notes 4 and 5) 
• 
±0.5 
+1.0 
LSB 


Total Unadjusted Error 
VREF = 5.000V 
• 
±2.5 
±3.0 
LSB 


(Notes 4 and 6) 


Analog and REF Input Range 
(Note 7) 
(V-) - O.05Vto Vcc + O.05V 
V 


On Channel Leakage Current 
On Channel = 5V 
• 
±1 
±1 
~A 
(Note 8) 
Off Channel = OV 


On Channel = OV 
• 
±1 
±1 
~A 


Off Channel = 5V 


Off Channel Leakage Current 
On Channel = 5V 
• 
±1 
±1 
~A 
(Note 8) 
Off Channel = OV 


On Channel = OV 
• 
±1 
±1 
~A 
Off Channel = 5V 


LTC1290B 
LTC1290C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


fSCLK 
Shift Clock Frequency 
0 
2.0 
MHz 


fACLK 
AID Clock Frequency 
• 
fSCLK 
4.0 
MHz 


tACC 
Delay Time from CS I to Dour Data Valid 
(Note 9) 
2 
ACLK 
Cycles 


tSMPL 
Analog Input Sample Time 
See Operating Sequence 
7 
SCLK 
Cycles 


tCONV 
Conversion Time 
See Operating Sequence 
52 
ACLK 
Cycles 


tCYC 
Total Cycle Time 
See Operating Sequence 
12SCLK+ 
Cycles 
56 ACLK 


tdOO 
Delay Time, SCLK I to Dour Data Valid 
See Parameter Measurement Section • 
130 
ns 


tdis 
Delay Time, CS 1to Dour Hi·Z 
See Parameter Measurement Section • 
70 
ns 


ten 
Delay Time, 2nd ACLK I to Dour Enabled 
See Parameter Measurement Section • 
130 
ns 


thcs 
Hold Time, CS After SCLK I 
0 
ns 


thDi 
Hold Time, DINAfter SCLK I 
ns 


thDO 
Time Output Data Remains Valid After SCLKI 
ns 


tf 
Dour Fall Time 
See Parameter Measurement Section • 
65 
ns 


tr 
Dour Rise Time 
See Parameter Measurement Section • 
25 
ns 


tsuDi 
Setup Time, DINStable Before SCLK 1 
ns 


tsucs 
Setup Time, CS I Before Clocking in First 
(Note 9) 
2 
ACLK 
Address Bit 
Cycles 


twHcs 
CS High Time During Conversion 
52 
ACLK 
Cycles 


CIN 
Input Capacitance 
Analog Inputs On Channel 
pF 
Off Channel 


Digital Inputs 
pF 


Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 
Note 2: All voltage values are with respect to ground with DGND, AGND, 
and REF- wired together (unless otherwise noted). 
Note3: 
Vcc=5V, VREF+ 
=5V, VREF- 
=OV, V- =OV for unipolar mode and 


- 5V for bipolar mode, ACLK = 4.0MHz unless otherwise specified. The. 
indicates specs which apply over the full operating temperature range; all 
other limits and typicals TA= 25°C. 
Note 4: These specs apply for both unipolar and bipolar modes. In bipoiar 
mode, one LSB is equal to the bipolar input span (2VREF) divided by 4096. 
For example, when VREF = 5V, 1LSB (bipolar) = 2(5V)/4096= 2.44mV. 
Note 5: Linearity error is specified between the actual end points of the AID 
transfer curve. 
Note 6: Total unadjusted error includes offset, full scale, linearity, multi· 
plexer and hold step errors. 


Note 7: Two on·chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 
below V- or one diode drop above Vcc'-Be careful during testing at low Vcc 
levels (4.5V), as high level reference or analog inputs (5V) can cause this in· 
put diode to conduct, especially at elevated temperatures, and cause errors 
for inputs near full scale. This spec allows 50mV forward bias of either 
diode. This means that as long as the reference or analog input does not ex· 
ceed the supply voltage by more than 50mV, the output code will be correct. 
To achieve an absolute OVto 5V input voltage range will therefore require a 
minimum supply voitage of 4.950V over initial tolerance, temperature varia· 
tions and loading. 
Note 8: Channel leakage current is measured after the channel selection. 
Note 9: To minimize errors caused by noise at the chip select input, the in· 
ternal circuitry waits for two ACLK falling edge after a chip select falling 
edge is detected before responding to control input signals. Therefore, no 
attempt should be made to clock an address in or data out until the mini· 
mum chip select setup time has elapsed. 


LTC1290B 
LTC1290C 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


V1H 
High Level Input Voltage 
Vcc=5.25V 
• 
2.0 
V 


V1L 
Low Level Input Voltage 
Vcc= 4.75V 
• 
0.8 
V 


IIH 
High Level Input Current 
VIN= Vcc 
• 
2.5 
~A 


IlL 
Low Level Input Current 
VIN=OV 
• 
-2.5 
~A 


VOH 
High Level Output Voltage 
Vcc=4.75V, 
10= 10~A 
4.7 
V 


10=360~A 
• 
2.4 
4.0 
V 


VOL 
Low Level Output Voltage 
Vcc = 4.75V, 10= 1.6mA 
• 
0.4 
V 


loz 
Hi·Z Output Leakage 
Vour= Vcc...QSHigh 
• 
3 
~A 
Vour=OV,CSHigh 
• 
-3 
~A 


ISOURCE 
Output Source Current 
Vour=OV 
-10 
mA 


IS1NK 
Output Sink Current 
Vour= Vcc 
10 
mA 


Icc 
Positive Supply Current 
9? High 
• 
5.0 
mA 


CS High, Power Shutdown 
• 
0.005 
mA 
1- 
Negative Supply Current 
CS High 
• 
1 
50 
~A 


# 
PIN 
FUNCTION 
DESCRIPTION 


1-8 
CHO-CH7 
Analog inputs 
The analog inputs must be free of noise with respect to AGND. 


9 
COM 
Common 
The common pin defines the zero reference point for all single ended inputs. It must be free of 
noise and is usually tied to the analog ground plane. 


10 
DGND 
Digital Ground 
This is the ground for the internal logic. Tie to the ground plane. 
11 
AGND 
Analog Ground 
AGND should be tied directly to the analog ground plane. 


12 
V- 
Negative Supply 
Tie V - to most negative potential in the circuit. (Ground in single supply applications.) 


13,14 
REF- 
REF+ 
Reference Inputs 
The reference inputs must be kept free of noise with respect to AGND. 
15 
CS' 
Chip Select Input 
A logic low on this input enables data transfer. 


16 
Dour 
Digital Data Output 
The AID conversion result is shifted out of this output. 


17 
DIN 
Data Input 
The AID configuration 
word is shifted into this input. 


18 
SCLK 
Shift Clock 
This clock synchronizes the serial data transfer. 


19 
ACLK 
AID Conversion Clock 
This clock controls the AID conversion process. 
20 
Vcc 
Positive Supply 
This supply must be kept free of noise and ripple by bypassing directly to the analog ground 
plane. 


The LTC1290 is a data acquisition 
component 
which con· 
tains the following 
functional 
blocks: 


1. 12-bit successive approximation 
capacitive AID 


converter 


2. Analog multiplexer(MUX) 
3. Sample and hold (StH) 
4. Synchronous, 
full duplex serial interface 


5. Control and timing logic 


DIGITAL CONSIDERATIONS 


Seriallnlerface 


The LTC1290 communicates 
with 
microprocessors 
and 


other external circuitry via a synchronous, 
full duplex, four ftW 


wire serial interface 
(see Operating 
Sequence). The shift 
••• 
clock (SCLK) synchronizes 
the data transfer with each bit 
being transmitted 
on the falling SCLK edge and captured 
on the rising SCLK edge in both transmitting 
and receiving 
systems. The data is transmitted 
and received simultane· 
ously (full duplex). 


Data transfer is initiated 
by a falling chip select (CS) 


signal. After the falling CS is recognized, an 8·bit input 
word is shifted into the DIN input which configures the 
LTC1290for the next conversion. Simultaneously, the reo 
suit of the previous conversion is output on the DOUTline. 
At the end of the data exchange the requested conversion 
begins and CS should be brought high. After tCONV,the 
conversion is complete and the results will be available on 
the next data transfer cycle. 


Input Data Word 


The LTC1290eight bit data word is clocked into the DINin· 
put on the first eight rising SCLK edges after chip select is 
recognized. Further inputs on the DINpin are then ignored 
until the next CS cycle. The eight bits of the input word are 
defined as follows: 


Unipolarl 
Word 


Bipolar 
Length 


MUXAddress 


The first four bits of the input word assign the MUX 
configuration 
for the requested conversion. For a given 
channel selection, the converter will measure the voltage 
between the two channels indicated by the + and - signs 


in the selected row of the following table. Note that in dif· 
ferential mode (SGUDIFF = 0) measurements are limited 
to four adjacent input pairs with either polarity. In single 
ended mode, all input channels are measured with respect 
toCOM. 


MUXAOORESS 
DIFFERENTIAL CHANNEL SELECTION 


SGLI 
0001 
SELECT 
D1FF 
SIGN 
1 
0 
0 
1 
2 
3 
4 
5 
6 
7 


0 
0 
0 
0 
+ 
- 


0 
0 
0 
1 
+ 
- 


0 
0 
1 
0 
+ 
- 


0 
0 
1 
1 
+ 
- 


0 
1 
0 
0 
- 
+ 
0 
1 
0 
1 
- 
+ 


0 
1 
1 
0 
- 
+ 
0 
1 
1 
1 
- 
+ 


MUXAOORESS 
SINGLE ENDED CHANNEL SELECTION 


SGLI 
0001 
SELECT 
OIFF 
SIGN 
1 
0 
0 
1 
2 
3 
4 
5 
6 
7 
COM 


1 
0 
0 
0 
+ 
- 


1 
0 
0 
1 
+ 
- 


1 
0 
1 
0 
+ 
- 


1 
0 
1 
1 
+ 
- 


1 
1 
0 
0 
+ 
- 


1 
1 
0 
1 
+ 
- 


1 
1 
1 
0 
+ 
- 


1 
1 
1 
1 
+ 
- 


Operating 
Sequence 
(Example: 
Differential 
Inputs (CH3·CH2), Bipolar, MSB First and 12·Bit Word Length) 


ICyC------- 


I 1 
I 
2 
I 3 
I 4 
I 
5 
1 6 
I 
7 
1 8 
1 9 110 111 
1121 


I 


cs l 
_ 


I---SHIFT 
CONFIGURATION----I 


WORO 
IN 


Unipolar/Bipolar 
(UNI) 


The fifth input bit (UNI)determines whether the conversion 
will be unipolar or bipolar. When UNI is a logical one, a 
unipolar conversion will be performed on the selected in- 
put voltage. When UNI is a logical zero, a bipolar conver- 
sion will result. The input span and code assignment for 
each conversion type are shown in the figures below. 


000000000001 
סס oo00000000 
ov 
lLSB 
VREF-2LSB: 
VREF 


I 


VREF-1LSB 


INPUT VOLTAGE 
OUTPUT CODE 
INPUT VOLTAGE 
(VREF= 5V) 


111111111111 
VREF-1LSB 
4.9988V 


111111111110 
VREF-2LSB 
4.9976V 
· 
· 
· 
· 
· 
· 
· 
· 
· 
000000000001 
1LSB 
0.OO12V 
000000000000 
OV 
OV 


INPUT VOLTAGE 
OUTPUT CODE 
INPUT VOLTAGE 
(VREF= 5V) 


011111111111 
VREF-1LSB 
4.9976V 
011111111110 
VREF- 
2LSB 
4.9851V 
· 
· 
· 
· 
· 
· 
· 
· 
· 
000000000001 
1LSB 
0.0024V 
000000000000 
OV 
OV 
111111111111 
-1LSB 
-0.OO24V 
111111111110 
-2LSB 
-0.OO48V 
· 
· 
· 
· 
· 
· 
· 
· 
· 
100000000001 
- (VREF) + 1LSB 
-4.9976V 


100000000000 
- (VREF) 
-5.0000V 


-VREF:tlLSB 


I 
-VREF 
I 


VAEF-2LSBI 
VREF 
I 
I 


VREF-1LSB 


Low CS Recognized Internally 
High CS Recognized Internally 


ACLK 
ACLK 


I 
I- 


I 
- 


cs 
I 
cs 
I 
I 
I 


Hi-Z 
I 


DOUT 
K 
VALID 
OUTPUT 
DOUT 
VALID 
OUTPUT 
) 
Hi-Z 


I 


MSB First/LSB First Format (MSBF) 


The output data of the LTC1290 is programmed for MSB 
first or LSB first sequence using the MSBF bit. For MSBF 
first output data the input word clocked to the LTC1290 
should always contain a logical one in the sixth bit loca- 
tion (MSBF bit). Likewise for LSB first output data the in- 
put word clocked to the LTC1290should always contain a 
zero in the MSBF bit location. The MSBF bit affects only 
the order of the output data word. The order of the input 
word is unaffected by this bit. 


MSBF 
OUTPUT FORMAT 
a 
LSB First 


1 
MSB First 


Word Length (WL1, WLO)and Power Shutdown 


The last two bits of the input word (WL1and WLO)program 
the output data word length and the power shutdown fea- 
ture of the LTC1290.Word lengths of 8,12 or 16-bits can be 
selected according to the following table. The WL1 and 
WLObits in a given DIN word control the length of the pre- 
sent, not the next, DOUT word. WL1 and WLO are never 
"don't cares" and must be set for the correct DOUT word 
length even when a "dummy" 
DIN word is sent. On any 


transfer cycle, the word length should be made equal to 
the number of SCLK cycles sent by the MPU. Power down 
will occur when WL1= 0 and WLO= 1 is selected. The pre- 
vious conversion result will beclocked out as a 10-bit word 
so a "dummy" conversion is required before powering 
down the LTC1290. Conversions are resumed once CS 
goes low or an SCLK is applied, if CSis already low. 


WL1 
WLO 
OUTPUT WORD LENGTH 
a 
a 
8-Bits 


a 
1 
Power Shutdown 


1 
a 
12-Bits 


1 
1 
16-Bits 


Deglitcher 


A deglitching circuit has been added to the Chip Select in- 
put of the LTC1290 to minimize the effects of errors 
caused by noise on that 
input. This circuit 
ignores 
changes in state on the CS input that are shorter in dura- 
tion than one ACLK cycle. After a change of state on the 
CS input, the LTC1290waits for two falling edge of the 
ACLK before recognizing a valid chip select. One indica· 
tion of CS recognition is the DOUT line becoming active 
(leaving the Hi-Z state). Note that the deglitching applies 
to both the rising and falling CSedges. 


CS Low During Conversion 


In the normal mode of operation, CS is brought high during 
the conversion time. The serial port ignores any SCLK 
activity while CS is high. The LTC1290 will also operate 
with CS low during the conversion. In this mode, SCLK 


must remain low during the conversion as shown in the 
following figure. After the conversion is complete, the 
Dour line will become active with the first output bit. Then 
the data transfer can begin as normal. 


SHIFT 
ISMPl 
48TO52 
SHIFTRESULT 
OUT 


r-MUXAOORESS--r-----SAMPLE ANALOG--1 
ACLKCYC 
-I 
---AND 
NEWADDRESS 
IN----I 


cs -, 
IN 
I 
INPUT 
I~ 
I 


I 


SHIFT 
ISMPL 
r-MUXADDRESSiSAMPLE 
ANALOG-----j 
_I 
IN 
INPUT 
CS 


I 


[P~~[1D[M]DOO&~V 


LYLlnlf\Q 
LTC1291/LTC1292 
LTC1293/LTC1294 


TECHNOLOGY 
1,2, 6 and 8 Channel, 12-Bit 
Serial 110 Data Acquisition Systems 


• 
Programmable Features 
Unipolar/Bipolar Conversions 
Differential/Single Ended Multiplexer Configurations 
• Sample and Hold 
• Single Supply 5V,10Vor ± 5V Operation 
• 
Direct 3or 4Wire Interface to Most MPUSerial Ports 
and All MPU Parallel I/O Ports 
• Analog Inputs Common-Mode to Supply Rails 
• Resolution 
• 
Fast Conversion Time 
• Low Supply Current LTC1291/2/3/4 


12 Bits 
1311s 
5mA Typ 


The LTC1291/2/3/412-bit data acquisition systems are de- 
signed to provide complete function, excellent accuracy 
and ease of use when digitizing analog data from a wide 
variety of signal sources and transducers. Built around a 


12-bit, switched capacitor, successive approximation AID 
core, these devices include software configurable analog 
multiplexers and bipolar and unipolar conversion modes 
as well as on chip sample and hold. On-chip serial ports al- 
low efficient data transfer to a wide range of microproces- 
sors and microcontrollers. 
These circuits can provide a 
complete data acquisition system in ratiometric applica- 
tions or can be used with an external reference in others. 


The high impedance analog inputs and the ability to oper- 
ate with reduced spans allow direct connection to sensors 
and transducers in many applications, 
eliminating 
the 
need for gain stages. 


An efficient serial port communicates without external 
hardware to most MPUserial ports and all MPU parallel I/O 
ports allowing eight channels of data to be transmitted 
over as few as 3 wires. This, coupled with power shutdown 
(LTC1291/3/4),makes remote location possible and facili- 
tates transmitting data through isolation barriers. 


Temperature drift of offset, linearity, and full scale error are 
all extremely low allowing all grades to be specified with 
linearity errors of ±O.5LSBmaximum over temperature. 


ANALOG INPUT 
# 1. D-SV RANGE 


ANALOG INPUT 
#2. o-sv RANGE 


SV 
4.7pF 


~ 


Specifications 
on this datasheet 
are preliminary 
only, and subject 
to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 


LTC1291/LTC1292 
LTC1293/LTC1294 


Supply Voltage (Vccl to GND or V- 
12V 
Negative Supply Voltage (V-} 
- 6V to GND 
Voltage 
_ 
Analog Reference and LTC1291/2 CS 
Inputs 
(V-) - 0.3V to Vcc + 0.3V 
Digital Inputs (except LTC1291/2 CS) ..... 
- 0.3V to 12V 
Digital Outputs 
- 0.3V to Vcc + 0.3V 


Power Dissipation 
500mW 
Operating Temperature Range 
LTC1291-4BC, LTC1291-4CC 
O°Cto 70°C 
LTC1291-4BI, LTC1291-4CI 
- 40°C to 85°C 
LTC1291-4BM, LTC1291-4CM 
- 55°C to 125°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10sec.} 
300°C 


CSl 


CHO 
2 


CHl 
3 


GND 
4 


CSl 


+IN 
2 


-IN 3 


GND 
4 


CONVERSION MODES 
REDUCED SPAN 
CAPABILITY 
±5V 
PART NUMBER 
#CHANNELS 
UNIPOLAR 
BIPOLAR 
(SEPARATE VREF) 
CAPABILITY 


LTC1291 
2 
• 
Pin for pin 12·bit upgrade of ADC0832 


LTC1292 
1 
• 
• 
Pin for pin 12·bit upgrade of ADC0831 


LTC1293 
6 
• 
• 
• 
• 
LTC1294 
8 
• 
• 
• 
• 


• Guaranteed 0.4% Initial Voltage Tolerance 
• 0.1fl Dynamic Output Impedance 
• 
Fast Turn·On 
• Sink Current Capability, 1mA to 100mA 
• 
Low Output Noise Voltage 


• 
Linear Regulators 
• Adjustable Power Supplies 
• Switching Power Supplies 


~~~[LD[M]D~&~V 


LT1431 


Programmable Reference 


The LT1431 is an adjustable shunt voltage regulator with 
100mA sink 
capability, 
0.4% initial 
reference 
voltage 
tolerance, and 1% temperature stability. On·chip divider reo 
sistors allow the LT1431 to be configured as a 5V shunt 
regulator with 1% initial voltage tolerance and requiring no 
additional external components. By adding two external reo 
sistors, the output voltage may be set to any value between 
2.5V and 36V.The nominal internal current limit of 100mA 
may be decreased by including one external resistor. 


~,~'"" 
'"). J 


REGULATOR 


Specifications 
on this datasheet 
are preliminary 
only, and subject 
to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 


v + , VCOLLECTOR.......................•.......•.... 
36V 
VCOMP,RTOP,RMID,VREF 
6V 
GND·F -GND-S 
0.7V 
Ambient Temperature Range 
LT1431M 
- 55°C to 125°C 
LT1431C 
O°C to 70°C 
Junction Temperature Range 
LT1431M 
- 55°C to 150°C 
LT1431C 
O°C to 100°C 
Storage Temperature Range 
- 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 
300°C 


TOPVIEW 
ORDER PART 


ro"'''MD"" 


NUMBER 


CaMP 2 
7 
RMID 
LT1431MJ8 


v+ 
3 
6 
GND-F 
LT1431CN8 
RTDP 4 
5 
GND-S 


J PACKAGE 
N PACKAGE 
HEAD CERAMICDIP 8-LEADPLASTICDIP 


BonDM VIEW 
LT1431CZ 


REF--LO 
0 
Ol-CATHODE 
\dY 


Z PACKAGE 
HEAD TO-92PLASTIC 


LT1431M 
LT1431C 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VREF 
Reference Voltage 
VKA= 5V,IK = 2mA, (Note 2) 
2490 
2500 
2510 
2490 
2500 
2510 
mV 
• 
2465 
2535 
2480 
2520 
mV 


I1VREF/I1T 
Reference Drift 
VKA= 5V,IK = 2mA 
• 
50 
30 
ppm/oC 


I1VREF 
Voltage Ratio, Reference to 
IK= 2mA, VKA= 3V to 36V 
• 
0.2 
0.5 
0.2 
0.5 
mVN 


I1VKA 
Cathode 


IIREFI 
Reference Input Current 
VKA= 5V,TA= 25°C 
0.2 
1 
0.2 
1 
~A 
• 
1.5 
1.2 
~A 


IMIN 
Minimum Operating 
Current 
VKA= VREFto 36V 
0.6 
1 
0.6 
1 
mA 


1I0FFI 
Off·State Cathode Current 
VKA=36V, VREF=OV 
1 
1 
~A 
• 
5 
2 
~A 


IILEAKI 
Off·State Collector 
Leakage Current 
VCOLL= 36V, V+ = 5V, VREF= 2.4V 
1 
1 
~A 
• 
5 
2 
~A 


IZKAI 
Dynamic Impedance 
VKA= VREF,IK= 1mA to 100mA, f:s1kHz 
0.1 
0.1 
0 


ILiM 
Collector 
Current Limit 
VKA= VREF 
• 
100 
360 
100 
260 
mA 


The. 
denotes specifications 
which apply over the full operating 
tempera· 


ture range. 


Note 1: VKAis the cathode voltage of the LT1431CZ and corresponds 
to V+ 
of the LT1431.IK is the cathode current of the LT1431CZ and corresponds 
to 


I(V+) + ICOLLECTOR 
of the LT1431. 


Note 2: The LT1431 has bias current cancellation 
which is effective 
only for 
VKA?-3V.A slight (,,2mV) shift in reference voltage occurs when VKAdrops 
below 3V. For this reason, these tests are not performed at VKA= VREF. 


~"9"..tlnlf\l2 
NEW PRODUCTS 
~, 
TECHNOLOGY------ 


Extended Temperature Range 
Linear ICs(200°C) 


Linear Technology 
now offers a number of its high per- 
formance 
products 
fully Characterized, tested, and with 


specification 
limits guaranteed over an extended operat- 
ing temperature range of from - 55°C to + 200°C. 


The list of extended temperature range products being of- 
fered by Linear Technology continues to grow. At the time 
this catalog was printed, the company offered for sale the 
following products. 


OpAmps: 


LT1001XH Precision Op Amp 
LT1007XH Low Noise, High Speed Precision Op Amp 
LM101AXH Uncompensated General Purpose Op Amp 
LM118XH High Slew Rate Op Amp 


Precision References: 


LM129XH 6.9V Precision Voltage Reference 


Comparators: 
LM111XH General Purpose Comparator 
LM119XH High Speed Dual Comparator 


Complete 
specifications 
on Linear Technology's 
200°C 
product offerings 
can be obtained 
from your local LTC 
sales representative or directly from the factory. 
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1''''~.''''''llnlf\R 
PACKAGE CROSS REFERENCE 
~, 
TECHNOLOGY------ 


LTC 
NSC 
SIG 
FSC 
MOT 
TI 
SG 
AMD 
RAYTH 
PMI 


Plastic DIP 
N·8 
N 
N 
T 
P1 
P 
M 
P·8 
P, NB 
P 
a 
fjiffl 
8 Lead 
N·8 


Plastic DIP 
N 
N 
N 
P 
P2 
N 
N 
P-14 
P,N 
P 
0 
'WI'IW/' 
14,16,18,20, 
N-14 
NE 
P·16 


24, and 28 Lead 
NG 


~ ~ 


TO·220 
T 
T 
- 
U 
T 
KC 
P 
- 
- 
- 


3 Lead 


~ ; 


(Optional) 
TO·220 
T 
T 
- 
U 
- 
- 
P 
- 
- 
- 


~ 


5 Lead 


[0 


Side Brazed Hermetic 
DIP 
0·8 
0 
I 
0 
L 
- 
- 
0·8 
- 
- 


WW 
8 Lead 


CD 


Side Brazed Hermetic DIP 
0 
0 
I 
0 
L 
- 
- 
0-14 
- 
YB 


"IWIWr 
14,16,18 and 20 Lead 
0·16 
OB 
0-18 
XB 


TO·92 
Z 
Z 
- 
W 
P 
LP 
- 
- 
- 
- 


~ 8 
3 Lead 


~~~ 


TO·5, TO·39, TO·96 
H 
H 
- 
H 
G 
- 
T 
H 
T 
H 


Q g 


TO·99, TO·100 and TO·101 
H 
H 
J 
K 


ooccc 


Ceramic DIP 
J-8 
J 
F 
R 
U 
JG 
Y 
0·8 
DE 
Z 
0 W 


8 Lead 
J·8 


Ceramic DIP 
J 
J 
F 
0 
L 
J 
J 
0·14 
DB 
Y 
CJ~ 
14,16,18,20, 
J-14 
0·16 
DC 
0 
24, and 28 Lead 
J 
X 


TO·3 (Steel) 
K 
K 
- 
K 
K 
- 
K 
- 
- 
- 
T 0 


2 Lead 
Steel 


(Aluminum) 
- 
K 
- 
K 
K 
- 
- 
- 
- 
- 


~ 
@ 


TO·3 
K 
K 
- 
K 
- 
- 
K 
- 
- 
- 


o (( ...;i 0 
4 Lead 
\~G:~I 


TO·46 
H 
H 
- 
- 
- 
- 
T 
- 
- 
H 


Q 
e;J 


3,4 Lead 
J 
K 


ODD 
',-,' 
TO·52 
3 Lead 


TO·3P 
P 
- 
- 
- 
- 
- 
- 
- 
- 
\- 


~ m 


3 Lead 


Plastic SO 
S-8 
M 
0 
- 
0 
0 
- 
- 
- 
- 
0 = 


8 Lead 


c:J 


Plastic SO 
S 
M 
0 
- 
0 
0 
- 
- 
- 
- 


~ 
14,16 Lead 


LTC 
NSC 
SIG 
FSC 
MOT 
TI 
SG 
AMD 
RAYTH 
PMI 


Dmrnu 


Plastic SOL 
S 
M 
D 
- 
D 
D 
- 
- 
- 
- 


16,18,20,24,28 
Lead 


Q 


Plastic SIP 
V 
- 
- 
- 
- 
- 
- 
- 
- 
- 


J 


11 Lead 


~ 
~ 


lQ-Lead Cerpac 
W 
W 
H 
F 
F 
W 
F 
FM 
- 
RC 


I 


PROPRIETARY 
DEVICE 
LT 
LF 
LP 
NE 
~ 
MC 
TL 
SG 
AM 
RM 
OP 
PREFIXES 
LTC 
LH 
MF 
SE 
RC 
REF 
LM 
CMP 


~..•~,,·..tlnt1\12 
PACKAGE DIMENSIONS 
~, 
TECHNOLOGY----- 


o Package 
8 Lead Sidebrazed 


~ 


0.520~ 
(1~~8) 


8 
7 
6 
5 r 
0.298 
(7569) 


MAX 


0020 
(0.508) 


RAD 


I(~~~~)I 
IF REF ~IA 
II 
0.008 - 0.015 
-11- (0.203-0381) 


0.125 
(3175) 
0.020 - 0.040 
MAX 
(0.508-1.016) 
~ 
(~::;(L5f1"ff-- 


~I~~ 
tr(~~~~) 


(0.381-0.965) --.J 
REF 


0.100 ± 0.010 
(2.540 ± 0.254) 


o Package 
14 Lead Sidebrazed 


~ 


(~;~~) 


MAX 


0.485_ 
(12.32) 


14 
~ 
Ml~ 
10 
91 
i 


0.298 
(7.569) 
MAX 
t 


F9 
-II 
0.008-0J 


OI5 


-- 
(0.203-0.381) 


.....-- 
0.300 
(7.620) 


REF 


0.165 
(4.191) 
0.020-0.040 
l"~[~ 


.."(::~:;:J-JL 
(::~JUltl- 


(3 175) 
TYP 
MIN 
0 lOO±O 010 
0015-0023 
_ 


(2.540±0.254) 
(0.381-0.584) 


PACKAGE DIMENSIONS 


D Package 
16 Lead Sidebrazed 


0.010 11---- 
(0254) 
I 


MIN 
1 


0.080 
(2032) 


MAX 


0.050 
iil72) 


REF RAD 


0.840 
(21.336) 


MAX 
0.050 


0.295±0.010 -1""1 
(1.270) 
0.050 


", •• o~>M 
>:~~ 


0.008-0.015±-j 
I 
>::::>~jL~ 
L 
dJ 
(0203-0381)-11--- 
MIN 
0014-0023 
(3180) 


0.290-0.320 
(0.356-0.584) 
MIN 


(7.366-8.128) 
0.100 sse 
0.040-0.060 
(2.540)sse 
(1.016-1.524) 


D Package 
18 Lead Side brazed 


t 


0.298 
(7.569) 
MAX 
~ 


0.910 
(23.114) 
MAX 


14 


P9 


I 
j 
l 
0.008-0.015 


- 
-(0.203-0.381) 


0.300 
---- 
(7.620) 


REF 


0.125 
(3.175) 
MIN 


0.020-0.060 
(0.508-1.524) 
_t 


P9 


0.008-0.015T J 
(Q.203-0.381) 


0,300 
(7.620) 


REF 


H Package 
8 Lead TO·S Metal Can 


D Package 
20 Lead Sidebrazed 


1,010 
(25554) 


MAX 


0.025 


(O.635) 


RAD 
r 


0.298 
(f569) 


~ 


0485 
~ 
~~uu 
14191) 
(1372) 
__ 


TYP 


0050.0010 J I 
I 
I~ 
I: :::=: :::1 
(1.270±Q.254) 
--- 
0.100±0.01O 
---.J 
~ 
0125 
(2.540:1:0.254) 
~ 


MIN 


0.015-0.023 
....-- 


(0.381-0.584) 


H Package 
10 Lead TO·S Metal Can 


~ 


(~:~~~=~:;~~)- 


DIA 


0.305-0.335 


1 


·(7.747-8,509)--1 


0.040 


(1.016) 
~L-OO-5-0----.- 


MAX 
(1:27Oj 
0.165-0185 


• 
MAX 
(4.191-4.699) 


~ 


+ 
t 
REFERENCE 
SEATING_ 
_ 
GAUGE" 
PLANE 


PLANE t 
- 
- 
--t-PLANE 
0500-0750 


0.010-0045 
DO 
0 
DO 
(12.70.1905) 


(0.254-1.143) 
.---..11..•_ 
0.016-0.021 


~ 
"ID40~;;~5331 


.,. {,;o,,_o 0"')( ~ 
!,:::::/~ 
{], 


o 
0 


6 
, 
o 
40 


50 


+ 
0.200-0.230 
(5.080-5.842) 


.se, 


~ 


_::~:D~{;~::~I 


0.040 
(1m6) ~L-DO-S-O-----. 


MAX 
[i'1'7Oj 
0165-0185 


~ 


t 
MAX 
(4191-4699) 


SEATING_-=-- 
+ 
GAUGE 
: 


PLANE t 
- - 
--t-PLANE 
0.500-0750 


0,010-0.045 
DO 
0 
00 
(12.70-19.05) 


(0.254-1.143) 
t 


-11- (~:~~~=~:~~;) 
GT 


YP 


"'Bse 
(d 
/ I:::;=::~IA 0 
0 


H Package 


3 Lead TO·39 Metal Can 
H Package 
4 Lead TO·39 Metal Can 


0.350-0.370 
r 


(8.890-9.398l1 


DIA 


0.305-0.335 
"Of" ~ ",.,.~r ~ 
"".~~~~ 


112.701 
~ 
~ 
~ 
MIN 
0,016-0,019 
t 
10.406-D 4831 
OIA 3 LEADS 


H Package 


3 Lead TO·46 Metal Can 
H Package 
4 Lead TO·46 Metal Can 
H Package 
Head 
TO·52 Metal Can 


0.209-0.219 


(S.309-S.S371l 
r 


I 


0.178-0.195 


- 
(4521-4.953) 


0.080-0.100 
0.015 
r(2.032-Z,540l 


~(O_381) 
112701 
MAX 11Il 
I 
MIN 
L~--L 


~OOOI::i:1 
0016-0,019/' 
MAX 


(0.406-0.483) 
DIA 


0209-0219 


153D9-5563ll 
1- 


-, 
r(~:~~~=~:~;;) 


0.085-0105 


0500 
~ 
(2.1S9-2.667) 


(12_70)(O_381)~ 


MIN 
Mt' 
~ 
t-----T 
,---- 


_i __ 
·~O 0 0 1::i:1 


~ 
MAX 


(OA06-0,483) 


D1A 


0.209-0.230 


(S'309-S'842ll 
r 


0.178-0.195 
-I 
(4.521-4.953) 


0.115-0.150 
(2.921-3.810) 
0015 


.Q2Q.9- (O~8T)llll 
112.7DIMAX~~ 
1=!:o 0 0 1::::1 


~ 
MAX 


(0.406-0,483) 


OIA 


0.005 
(O:T3j 
MIN 


J Package 
8 Lead Cerdip 


0005 r- 
(0.127) -- 
MIN 
__ 
0.405 
~ 


I 


(10287) 
MAX 
0.025 


(0.635) ~ 
8 
7 
6 
5 
_ 
RAO TYP 
t 


0.220-0.310 
(5588-7.874) 
-~ 
0.200 
(5080) 
MAX 
~ 


1 
2 


0.055 
iU97i 
I-- 


MAX 
~ 
0.015-0.060 
nrr::L" 


OOH.;Ji J L 
0.125 
(0.360-0660) 
3T75 


MIN 
0.038-0.068 
0.100±0.010 
(0.965-1.727)~ 
~ 
(2.540±0.254) 


J Package 
14 Lead Cerdip 


0.025 
(0.635) 
RAO TYP 


0.785~ 
(19.939) 
MAX 


11 
10 
9 
8 


0.200 
(5080) 
MAX 


0.125 
(3.175) 
MIN 


0.220-0.310 
(5588 -7.874) 


~ 


~ 


1 
234567 


0.098 
1_ 


(2.490) 
r--- 


- 
~"O"O~ 
(0.381 - 1524) 
--l 


0.014_0.026-1~ 
l-.J 
1--0.l00±0.01O 
(0.36-0.66) 
(2.540 ± 0.254) 


0.038 -0.068 
(0.965 -1.727) 


J Package 
16 Lead Cerdip 


1" 


0.005 
(OTJj 
f- 


MIN 
1 
15 


0.025 
(0635) 


TYP 


0.160 
0.200 
(4.064) 
(!i.060) 


MAX 
MAX 
~:~~:~j 


L j 


-(~~~=~~~) 
~ 
l(~~~~) 
(~~~~=~~~~) 
(3.175) 


0.385±0.025 
_ 
MIN 
0.1oo±0.010 
_ 
_ 
__ 
0.014-0.026 


(9.779±0.635) 
(2.540±0.254) 
(0.36-0.66) 


J Package 
18 Lead Cerdip 


0.960 
(24384) 


MAX 


0.290-0320 
~ 


1(7366-8128)U4) 
1[· 
j)j 


~ 


1 
2 
0.005 
(0.130) 
f.- 


MIN 


0.220-0.310 
(5.590-7.870) 


~ 


0025 
(0.635) 


RAO 


0.038-0068 
(0.965-1.727)1 
1- 


~""'~ 
(0.380 -1.520) 
~ 


90.±4~1 
TYp'-~~J~~ 
---jl- 0.014-0.026 
(2.490) 
0 100±0 010 
(0.360-0.660) 
MAX 
. 
. 


(2.540±0.254) 


0.200 
(5.080) 


MAX 


I 


I 
0.385±0.025 
I 
I-- (9779±0.635)---I 
0.125 
(3.175) 


MIN 


J Package 
20 Lead Cerdip 


1 
0.220-0.310 
(5.588-7.874) 


j 


1060 
'1 
(26.9141 


MAX 


0.025 


10.635) 
RAn 
TYP 


1 
2 
I 
OOOS 
1--(0.127) 


MIN 


0.160 
(4064) 


~~LA~NT 
MAX 
~ 


0015-0060 
~0200 
,,."~,rmoormrr "; 
L(~:=~:::j'IJ'"-;:; Jjtll~:=~~)W(~::~~~) 
(3175) 
MAX 
o 385:*:0025 
MIN 
0014-0026 


(9 779:0635) 
(0.356-0.660) 


J Package 
24 Lead Cerdip 


r-' 
-(;i~) 
'I 
rl fFI @l @] [1i] [20]09MAXIf! 
@l fill [ill GJ [ill 


0.295 
(7.493)MLJ 


0.290-0.3201 
~17.366-8.128)]1 


~ 
I:~;;) 
h~ -tl~:=~~) 
j_N_ -_ -_ -_ -_ -_ -_-_ 


~ 
(~:~~~=~o~~~) 
~ 
L0100±0.010 
(2.540200.254) 


J Package 
28 Lead Cerdip 


0.514-0.526"~[J 


0685+0.025 
I 


. 
-O.O6O~ 


(17.40 
~~.~~) 


(~-~~) 
~ 


~~.055::l:0'.005 
(5.715) 
t 


(1397::1:0127) 
MAX 
0.020-0.070 
~ 
i'T"' 


(3.17S) 


0.008-0.012 
"!=f'N 
(0203-0.305) 
86°-94. 
V 


TVP 
L0060-0.100 
L O.lOlJ±O.OlO 
L 0.018:0002 


\. 
(1524-2.540) 
(2.540±O,254) 
(O.457±0051) 


K Package 
2 Lead TQ·3 Metal Can 
K Package 
4 Lead TO·3 Metal Can 


t 


O.320~O.350 
1813F 


0.420-0.480 
(10.67-12.19) 


+ 


0.760-0.775 
0320-0350 
(1930-19.69)J 


(8_128~8.890)3T=16 


12.946) 


"AX 


0420-0.480 
0.038-0043 
II 


(10.67-12.19) 
(O.965-1.092)~ 
~ 


0167-0177 
(4241-4.495) 


RTVP 


0325 
+0.025 
I-(8255 ~~.~~~)-l 
I \ . 
-0.381 
I 


PI 
L 


0.009-0.015 jl- t 
(0.229-0.381) 


0325 ~~~;; 
18255 +0.635) 
~. 
-0381 


0.020 
0.125 
(0.508) 
(3.175) 
MIN 
MIN 
• 
• 
t 


N Package 
8 lead Molded DIP 


r: 


0.400~ 
(10.160) 


MAX 


8 
7 
6 
5 r 


0.250±0.01O 
(6.350±0.254) 
-+ 


0.045 - 0.065 
(1.143-1.651) 
0.065 
_. 


(1.651)~ 


TYP 


0.130±0.005 
(3.302±0.127) 
-----l.- 
0.020 


! 


(0508) 
MIN 
• 


~ 
f~ 
___ 
MIN 
j L 


0.018±0.003 
(0.457 ±0.076) 


N Package 
14lead Molded DIP 


," 
t 


0.250±0.010 
(6.350±0.254) 


-+ 


0.770 


(19.558) 


MAX 


11 


N Package 
16 Lead Molded DIP 


0.300-0.320 
0.130±0.005 


f=3\ 


le 
T(7620~:2:28) 
(3302±t,o.127) 
__ 


(0.508) --. 


MIN t!I 


J 


I 
0.009-0'0)J. 
~I 
0.045±0'J15 


- 
-(0.229-0.381) 
i3:175i 
--(1.143±0.381) 


MIN 


0.325=~~~~ 
O.loo±O.OlO 
---- - 
---- 
/8255 
+0.635) 
(2.540±0.254) 


\. 
-0381 


0.065 
(T651) 
TYP 
~ 
t 


_11_ 
0.018±0.003 
(0.457 ± 0076) 


N Package 
18 Lead Molded DIP 


0.250±0.010 
(6.350 ± 0.254) 


-+ 


0.900 ------ 
(22.860) 


MAX 


10.300-0.320 
I 
I r(7620-8128)--A 


0.009-0.015 _11_ 
(0.229-0.381) 


0325 
+0.025 
__. 
-0.015 
__ 


(8255 
+0.635) 


. 
-0.381 


0.130±0.005 


(3.302±O.127) 
+ 
_ 
t 
0125 t 
(3.175) 


MIN 
t 
I 
o.100±0.0~0 L 
I-- (2540±0254) 
0.018 ± 0.003 
(0.457 ± 0.076) 


0.300 -0320 
-I 
(7.620-8.128) 1- 
A 


II 


0.009-0.015 


- 
-(0.229-0.381) 


+0.025 
-0.015 


+0.635) 
-0.381 


N Package 
20 Lead Molded DIP 


-t 


0.250±0.01O 
(6.350 ±0.254) 


-~ 


0.130±0.005 
~ 


(3302 ±O 127) 
(1651) 


0020 
~ 
t 


(0508) ! 
- 
'(" 
mVMVVVVVVV 
I 


t .~" 
LU 
-l:~::::~l 
I 
I 
0100±001O 


(3M11~5) 
- 
r-(2 540±0 
254) 


0065±0015 
~.J 
0018±0003 
(1651 ±O 381)- 
(0457 ±O 076) 
N20'" 


N Package 
24 Lead Molded DIP 


1 


~O.035 
(6.604 ±O.127) 
(0.889) 
l 
0.0 


L 


032S+0.025 
I 
~- 


(8.255 
~~;;;) 


N Package 
28 Lead Molded 
DIP 


rr;= 


(~5~=;5~~) 


0.580 
r-114.731 
lr- 


M'N 


0,030 
(0.762) 
0.060 
MAX 
(1:524) 


0625+0025 
I 
. 
-0.015-----..1 


(15,87~~:~~) 
L 0.100±0010 


(2.540*0,254) 


86°_94° 
L 


v'VP 
J 
0.018±0.003 
(0457:1::0.076) 


SO Package 
8 Lead Small Outline 


r-fi 


0189-0.197~ 
(4.801-5.004) 


8 
7 
6 
5 


C:J 


i 
o,m-o~ 
O.1~-O.157 


1 


5791D 
-=r~) 


1 
2 
3 
4 


0,010-0.020 
0.053-0,069 
1 


1--10,254-05081x45° 
(1.346-1.752) 


I 
b 
0.004-0.010 
tgC~~~~~~~~~~:r~~1 
t8jjJjJ. IO'T'541 


00_8°'VP 
0.016-00SO--.l1:r 
.. J~W~ 


(OA06-1.270) 
0014-0019 
TYP 


(0.355-0.483) 


NOTES 


1 
PKG MATERIAL 
PlASTIC 
2 
LEAD MATERIAL 
A·42, TIN PtATEO 


SO Package 
14 Lead Small Outline 


0.337-0.344~ 
(8.560- 8.738) 
~" 
"'""'I 


0.228-0.244 
0.150-0.157 
""'Q 
-":C 


0010-0020 
0.053-0.069 
--J I(~) 
x45' 
(1.346-1.752) 
0.004-0.010 
tj(----...~5~~~) 
L~-=r254) 


0'-8'TYP 
0.016-0.050j t==! 
J~~-k~;~)-r 


(0.406-1.270) 
0.014-0.019 
TYP 


(0.355- 0.483) 


NOTES: 


1. PKG MATERIAL: 
PLASTIC 


2. 
LEAD MATERIAL: A-42. 
TIN PLATED 


SO Package 
16 Lead Small Outline 


0.386-0.394@ 
(9.804-10.008) 


14 
13 
12 
11 
10 
9 
I0.150-0.157 


(3.810- 3.988) 


~ 


0.228-0.244 
""'Q 


0010-0020 
0.053-0.069 
--J I(~) 
x45' 
(1.346-1.752) 
0.004-0.010 
tj(-----~:7~~~) 
LtBititiitiiiiiJ_=r 


254 


) 


0'-8'TYP 
0.016-0.050--1 t==! 
~ 
I W(~~~) -r 
(0.406-1.270) 
0.014-0.019 
\.- 
TYP 


(0.355-0.483) 


NOTES: 


1. PKG MATERIAL: 
PlASTIC 


2. 
LEAD MATERIAL: A-42. 
TIN PLATED 


SOL Package 
16 Lead Small Outline (Wide) 


0.005 
(0.127) 
RAOMIN 


filBl::~~:":~I~ 


0.394-0.419 


(10.D07 -10.643) 
U 


o 291 _ 0 299 
1 
2 
3 
4 
5 
6 
7 
8 


(7391 -7 
595)} 
0093-0104 
(2362-2642) 
0037-0045 


---j 
_0_0_10_-_0~0_29~x45't 
(0940-1143) 
I 
(0 254 - 0 737) 
---.l 
-- =tTYP 
hri6riEIri6rirl,- 
t 


] L ~~ ~_L 
0DD4!0012 


SEENOTE 
(1T~~O) 
(0102-0:305) 


0.016-0.050 
0.014 -0.019 
(0.406-1.270) 
(0.356-0.482) 


SOL Package 
18 Lead Small Outline (Wide) 


0.005 
(OT27) 
RAOMIN 


rdH1 


0.447_0.4631f1 
(11.354 -11.760) 
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Quality and Reliability Assurance Programs 


Linear Technology Corporation has a wide ranging program 
integrating vendor participation, design engineering, and 
manufacturing to produce the most reliable and highest 
quality linear integrated circuits ayaila.bl~on the, ma~k~t. 
Our modern manufacturing facility In Milpitas, California IS 
DESCClass S and Class B line certified and we have suc· 
cessfully completed over 70 major OEM quality system sur· 
veys to Mll·Q-9858 and Mll·I·45208 including achieving 
several major customer quality awards. Our Quality and Re· 
liability Assurance Programs aresummarized below: 


• Wafer Fabrication-A 
modern class 100 area, modular 
clean room construction with full environmental moni· 
tors. Emphasis is placed on statistical quality control, CV 
plots, SEM monitors and on our proprietary dual layer 
passivation system. 


• Assembly & End of Line-Incoming 
inspection of all 
materials and piece·parts, line surveillance and process 
control monitors. 


• Testing-Incoming 
inspection and acceptance of all off· 
shore lots prior to release to test. Ultra modern lTX 
testers, multipass testing with closed loop binning to re- 
duce outgoing electrical defective levels. Many "beyond 
data sheet" tests and full temperature QA lot buy-offs are 
performed as standard processing. 


• Traceability-A 
backside or side mark is placed on all 
units, where space permits, to give information on a unit· 
by·unit basis tracing back to the wafer fab lot, assembly, 
end of line (e.o.l.)and test lots. We consider traceability 
to be essential for good engineering control and addi· 
tional insurance for our customers. The information pro- 
vided exceeds the seal week traceability control required 
by Mll·STD·883. 


• ESD (Electro Static Discharge)-A 
full program is in 
place from design through manufacturing. Products are 
fully characterized to Mll·STD-883C (Method 3015)and 
strict controls on handling and packaging areobserved. 


• Training and Certification-Operator 
tr~i~ing. ha~ been 
established for all operations and certification 
IS per- 


formed on a6 monthly basis. 


• Major Change Control-Major 
change controls are in 
place to notify our customers in accordance with Mll·M- 
38510,LTC internal specifications, or specific customer 
specifications as required. 


• Quality Assurance-Full 
monitoring and reporting of 
quality data with emphasis on statistical process control 
charts. Referto our Quality Assurance Program. 


• Failure Analysis and Reporting-A 
formal program ex- 
ists to record, analyze and take appropriate corrective ac· 
tion on all returns. A report is generated and sent to the 
customer stating our findings and action. 


• Reliability Flows-Linear 
Technology reliability flows in· 
clude Class S and Class B JAN·38510,Standard Military 
Drawings (SMD),DESCDrawings, 883(to the new Rev.C) 
R·Flow,and Hi-Rei(SourceControlled Drawings). In addi· 
tion, specialized processing such as SEM, PIND and 
other tests can be performed as required. 


• Reliability Monitor-lTC 
has a unique reliability struc· 
ture built into each wafer that is used to obtain rapid 
feedback on reliability. This data is obtained in less than 
1week,versus 40weeks for a typical reliability audit. See 
the LTCReliability Programfor more details. 


• Reliability Audit-Data 
is gathered on a monthly basis 
for selected package/product combinations. This data is 
summarized each quarter and published in a Data Pak 
shOWingOperating Life, 85/85, Autoclave, Temperature 
Cycle Thermal Shock, 883 Group C, and 883 Group D 
sum~ary data. Copies of Data Pak summaries are avail- 
able by writing or calling Linear Technology, 1630 Mc- 
Carthy Blvd.,Milpitas, CA 95035,(408)942-0810. 
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Introduction 


In the early 1960's the study of reliability 
was mainly the 
province of mathematicians 
and statisticians. 
In the late 
1960's and throughout 
the 1970's it was realized that an 
understanding 
of the physical phenomena was necessary 
to identify 
the various failure mechanisms 
and consider· 
able 
progress 
was 
made 
in this 
area. 
Sophisticated 
diagnostic 
techniques 
were devised and this knowledge 
complemented 
the earlier theoretical 
work to form a very 
sound foundation. 


At Linear Technology 
Corporation 
we have a firm appre· 
ciation 
for the impact of Reliability 
on our products 
and 
we have made every effort to integrate this knowledge into 
our device designs and manufacturing 
processes. We be- 


lieve that "LINEAR" 
should 
be "THE 
MOST RELIABLE 
COMPONENTS" 
and it is our intention to supply "TOMOR· 
ROW'S RELIABILITY-TODAY"! 


All areas that impact 
reliability 
have received consider· 
able attention 
and achieving 
our goal of "THE NUMBER 
ONE" Reliability 
Supplier of Analog Circuits has impacted 
the DESIGN, FABRICATION, 
PACKAGING AND TESTING 
of our products. 


"RELlAj3IL1TY" 
requires a total systems approach 
involv· 


ing all parties; from the raw material 
vendor, to the de· 
signer, to manufacturing. 


Design 


At the DESIGN stage the reliability 
of the circuit 
is heavily 
dependent 
on layout considerations. 
The thickness 
and 
width of the metallization 
has been defined to minimize 
the current density and avoid electromigration 
problems 
at elevated temperatures. 
The routing of the metal pattern 
is designed 
to eliminate 
potential 
inversion, 
or leakage 
failures 
and guard ring structures 
are used where appro· 
priate. The positions 
of the bonding 
pads are carefully 
selected 
to optimize 
device performance 
and also to fit 
easily into a variety of packages without creating potential 
bond loop problems that could result in shorted wires. In 
all of our voltage regulators, 
thermal 
limiting 
is included 
in the circuitry 
to shut down the device if the temperature 
exceeds 
a threshold 
value. Additional 
insurance 
is pro· 
vided 
by employing 
short 
circuit 
current 
protection 
to 
safeguard 
catastrophic 
failure. The philosophy 
of incor· 


porating fault tolerant designs with innovative circuit con· 
cepts is a fundamental 
design rule at Linear Technology 


5 Amp Positive Adjustable 
Regulator 


SAFE 
AREA 


Large Ballasted Power Transistor 
ensures equal current sharing. 


RELIABILITY ASSURANCE 
PROGRAM 


Corporation. 
The design rules used by Linear Technology 
are conservative 
to avoid compromising 
reliability, 
and 
safe operation 
regions are chosen to prolong device life in 
the field. Input protection 
is provided and the ability of our 
devices 
to withstand 
transient 
voltage 
spikes 
is better 
than average. We focus on reducing lead count of our de· 
vice designs since there is generally a strong correlation 
between the number of leads in a package and the mean 
time between failures for a device. The thermal layout of 
our circuits 
is also a major consideration 
to minimize 
parameter drift and optimize performance. 
The designs at 
Linear Technology 
Corporation cover a diverse technolog· 
ical base ranging from Bipolar to CMOS. In the case of 
CMOS, design techniques 
are used to minimize SCR and 
latch·up phenomena. 
Many integrated 
circuit designs are 
susceptible 
to electrostatic 
discharge 
effects 
(ESD) and 
electrical 
overstress (EOS) with generally catastrophic 
reo 


suits. 
In the designs 
at Linear Technology 
Corporation, 


care is taken to ensure that a high degree of protection 
is 
built into our products to minimize this effect. 


1. 
Super Beta Structure 


2. 
Bi-fet Structure 


3. 
Silicon Gate CMOS Structure 


Prior to release, new devices are thorougly 
characterized 
and 
subjected 
to 
rigorous 
mechanical 
and 
electrical 
stress testing to exercise all facets of the design, process, 
and package combination. 
Linear Technology 
Corporation 
has an active in·house ESD (Electrostatic 
Discharge) pro· 
gram to prevent yield loss and the potential 
weakening on 
devices. 


In the WAFER FABRICATION 
area the key to a reliable 
process is consistency 
and repeatability. 
Linear Technol· 
ogy has a brand new ultramodern 
wafer fabrication 
facility 
and wafer handling has been kept to a minimum. Cassette 
to cassette 
transfer 
is used extensively 
and proximity 
mode aligners 
are utilized in masking to significantly 
reo 
duce 
photomasking 
defects. 
Microprocessor 
controlled 
furnaces 
are used to eliminate 
the impact 
of operator 
error. 


RELIABILITY ASSURANCE 
PROGRAM 


Stringent 
incoming 
inspection 
checks are made on the 
raw silicon wafers and masks used in the process. Envi· 
ronmental 
monitoring 
of the gases, clean air, particle 
count, 
deionized 
water, 
and furnace 
temperature 
and 
flows are done on a routine basis to avoid any sudden 
changes that could impact device reliability. 


Quality Control checks at various points in the process en· 
sure consistency and control charting is used extensively 
throughout the fabrication area. The quality of the oxide is 
checked regularly using C·V plots to check for contamina· 
tion and surface state anomolies and processes are not 
operational 
until minimum 
requirements 
are met. Each 
wafer contains diagnostic structures in addition to the de· 
vice structures and these test vehicles are used to inves· 
tigate and detect potential yield and reliability hazards in 
advance. 
Scanning 
electron 
microscope 
pictures 
are 
taken periodically to check the integrity of the metalliza· 
tion system. Emphasis is given to the early detection of 
step coverage or misalignment 
problems. A proprietary 
passivation 
system has been developed that will enable 


X CHART-1-------- 
'1Jr'k'!V~/!,9)!,)l)<)("y::;t""Vx)l:J( 
--- 
--- 
8------- 
r\ 
l\1!~ 
•.•. 
~ 
~. 
....i' 


~-------- 


our die to operate in a variety of plastic packages and the 
nature of this unique multilayer system will make the die 
virtually impervious to the packaging medium. 


The strategy of Linear Technology in developing its proc· 
ess is to make the chip as impervious as possible to mois· 
ture 
and ionic 
contaminants. 
This 
approach 
assures 
reliable operation even in marginal environments. The Lin· 
ear Technology process offers several layers of protec· 
tion. 1) Extensive CV monitoring of all diffusion tubes and 
deposition 
systems assure underlying 
oxides with low 
levels of positive ionic contamination. 
Phosphorous get· 
tering ties up these ions in an inactive state. 2) A proprio 
etary deposited oxide gives conformal coverage of metal 
and oxide steps, and is free of cracks. 3) A plasma nitride 
overcoat protects the die from external ionic contamina· 
tion during handling, testing and assembly. The dual ni· 
tride/oxide layer is completely free of cracks and pinholes 
which 
enhance corrosion 
protection 
against 
moisture 
contamination. 


1. 
Contamination 
Free Passivation 


Oxide 


2. 
Conformal Oxide Underlayer 


3. 
Plasma Nitride Top Layer 
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Packaging 


The impact of new equipment, techniques 
and materials 
have had a tremendous impact on device reliability. 
In the 
area of wafer scribing, 
sawing 
of the wafers 
has de- 
creased device chipping 
and cracking 
significantly. 
The 
handling of dice at second optical inspection 
and die at- 
tach is now mainly automated, 
removing the need to use 
tweezers and the resultant damage due to this operation. 
Automated lead bonding machines have produced tremen- 
dous gains in productivity 
but as importantly 
more consis- 
tent lead bonds have resulted from this new innovation. 
Die attach materials have improved and modern low tem- 
perature glass ceramic seals have dramatically 
increased 
product reliability. 
At Linear Technology we are using the 
latest state·of·the-art 
assembly equipment and materials. 


Our epoxy material has the lowest sodium and chlorine 
content of any molding compound available and the data 
on operating 
life, power cycling and pressure pot is out· 
standing. 
Composibility 
between the different 
package 
elements, such as the molding compound and lead frame, 


are carefully researched and selected particularly 
on our 
surface mount packages to achieve the highest reliability 
after board soldering. All materials are inspected to better 
than industry standards prior to use and strict QC checks 
are performed on-line to assure control and conformance 
to specifications. 
At LTC traceability 
to a fabrication 
lot is 
considered to be of primary importance. 
On all packages 
where space allows a side mark or a backside 
mark is 
used to give this key information. 
We are able to track the 
country of origin, assembly location, 
die type, wafer fab 
lot, 
exact 
seal 
date 
and 
also 
identify 
non 
standard 
processing if required on a special flow. This unique bene- 
fit is offered as a standard feature at no additional 
cost 
and adds immensely to the level of control and traceability 
on Linear Technology products. 


Mil-Standard 883 Method 2010 Condition 
B or equivalent 
visual criteria are applied to all Linear Technology 
prod- 
ucts and a thorough 
inspection 
of all lots received from 
our assembly operations 
in Southeast Asia is performed 
prior to testing. A system of effective 
and rapid commu· 
nications exist between our operation in Milpitas, Califor- 
nia and 
Southeast 
Asia 
to 
analyze 
and 
correct 
any 
assembly or process related problems before the product 
is 
shipped 
to 
the 
customer. 
Precautions 
are 
taken 
throughout 
the assembly process to minimize the impact 
of ESD (Electrostatic 
Discharge) on our devices. 


RELIABILITY ASSURANCE 
PROGRAM 


The testing of analog circuits is a science in its own right 
and requires very special technical skills to overcome the 
challenges 
that are presented. At Linear Technology 
we 
have invested 
in the very latest 
"state-of-the-art" 
com- 
puter controlled 
testers and our device designs exercise 
the limits of these excellent testers. All Military 883 prod· 
ucts receive a 150°C or a 125°C burn·in prior to test and 
full temperature testing is performed. Regulator products 
are put on "rack burn-in" and the devices are exercised in 
the thermal shutdown mode prior to testing. This pretest 
burn·in contributes 
to the removal of infant mortality fail· 
ures and enhances product reliability. 
Other tests check 
the thermal regulation and verify the integrity of the die at· 
tach as the presence of voids under the die for a regulator 
affects 
device performance 
adversely. Often, tests addi· 
tional to the data sheet tests are added to a test flow to de- 
tect potential flaws that could impact reliability. 


At Linear Technology 
we believe that the thorough 
and 
complete testing of our components 
is an essential 
ele- 
ment in our plan to provide 'premier' 
reliable 
products. 


Precautions 
are taken throughout 
test to safeguard 
our 
devices from the insidious 
effects 
of ESD (Electrostatic 
Discharge). As an example, all chip capacitors 
are pre· 
stressed with voltages (in excess of the device maximum 
voltage ratings) to induce failure in substandard 
lots. 


RELIABILITY ASSURANCE 
PROGRAM 


Reliability Flow 


Reliability failure rate can be broken out into three main 
categories: 1) Infant Mortality, 2) Freak Failures and 3) 
Long Term Failures. Short term burn-in screening as de- 
scribed in the previous section address the first cate- 
gory-infant 
mortality. The long term failures represent a 
significant number of hours in terms of the mean time be· 
tween failures and so the major area of concern is a suffi- 
cient pre-screen conditioning to eliminate the bulk of the 
infant mortality and freak failures. 


These early life failures impact customer warranty costs 
and reputation severely and the replacement costs are 


Typical Representation 
of IC Lot Failure 
Rates at50·C Operation 
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1 
Infant 
mortality 
population 
which 
could 
be 


0.5% at the lot. Its mean 
life could 
be as low as 


50 hrs. 


2 
The 
freak 
population 
could 
represent 
up to 5% 


of the lot. Its mean 
life could 
be 5 yrs. 


3. 
Main 
population 
whose 
mean 
life could 
be 


hundreds 
of years. 


4. 
The 
dramatic 
impact 
on total 
lot reliability 
that 


is achieved 
by weeding 
out early 
failures 
via 


100% 
burn-in. 


clearly several orders of magnitude greater than the initial 
component costs. The Linear Technology 883 program ad- 
dresses this requirement and offers a cost effective in- 
house flow. The flow is defined in our MIL·STD 883 
brochure and the essential elements of the program in- 
clude visual inspection at second and third optical inspec- 
tion to Condition B (Mil-Standard 883, Method 
2010, 


temperature cycling from - 65°C to 150°C, constant ac· 
celeration, fine and gross leak, followed by a 125°C burn- 
in for 160 hours or equivalent. Assuming an active energy 
of 1.0ev, this burn-in is equivalent to 80,000 hours or ap- 
proximately 9 years at a normal operating temperature of 
around 55°C. 
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RELIABILITY ASSURANCE 
PROGRAM 


Wafer Fab Reliability Audit 


As an additional reliability control, Linear Technology has 
innovated a periodic reliability audit of the wafer fab proc- 
ess, using a specifically 
designed reliability 
structure 
which is stepped into all wafers. 


This structure is optimized to accelerate, under tempera- 
ture and bias, the two most common failure mechanisms 
in linear circuits, namely mobile positive ions and surface 
charged-induced inversions. The three-terminal structure 
is scribed from a run and assembled in a hermetic pack· 
age. These devices are burned-in for a predetermined tem- 
perature and time. The same structure becomes sensitive 
to either failure mechanism depending upon the bias 
scheme used during burn·in. A limit is defined for the leak- 
age current change during burn-in; a failure indicates a 


wafer fab problem which will be addressed by the process 
engineering group. The use of a test pattern allows any de- 
vice to be monitored and also gives faster unambiguous 
feedback than is normally achieved by performing reliabil- 
ity testing on assembled product. Reliability 
data is 
generated in less than one week giving immediate feed- 
back on device reliability. The standard industry monitor- 
ing schemes typically take a minimum of 22 weeks to 
obtain this feedback and it is not uncommon for the cycle 
time to be up to 40 weeks before fab is alerted of a 
problem. 


Linear Technology utilizes this new control technique in 
addition to the conventional reliability audit on randomly 
pulled finished product. 
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RELIABILITY ASSURANCE 
PROGRAM 


Conclusion 


At Linear Technology Corporation we are addressing relia· 
bility and quality with the same priority to produce the 
best possible product in the analog world. We believe that 
the combination of our extensive design skills, and excit· 
ing innovations in the wafer fabrication process, coupled 
with the most modern assembly techniques, has produced 
the "MOST RELIABLE" linear products available in the 
market today. Our standard product flows include thermal 


limit rack burn·in (for all regulators) and 150°C or 125°C 
burn·in for Military 883 products to significantly 
reduce 
the infant mortality failures. In addition, our 883 flow is de· 
signed to further enhance product reliability. We fully 
realize that the cost of failure in the field is many orders of 
magnitude more than the initial component cost. By pur· 
chasing Linear Technology Corporation's products, worth· 
while insurance can begained. 
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At Linear Technology Corporation our overriding commit- 
ment is to achieve Excellence in Quality, Reliability and Ser- 
vice (QRS)and total customer satisfaction. We interpret the 
word "excellence" to mean delivering products that consis- 
tently exceed all the requirements and expectations of our 
customers. The commitment to QRSextends from the Pres- 
ident to every employee, from design to product qualifica- 
tion, and from manufacturing to shipping. To meet this 
commitment, Linear Technology has established a compre· 
hensive program called "Quality for the Nineties." 


This program is divided into four separate, but highly in· 
terrelated programs, namely Quality Environment, Total 
Quality Control (TQC),Vendor Participation, and Focus for 
the Nineties. 


Quality Environment 


This first program, Quality Environment, servesas the build- 
ing block for three other programs. It entails establishing an 
environment that is conducive to the participation of each 
and every employee in helping to build quality into our prod- 
ucts. This program encourages every employee to identify 
any quality problem and participate 
in recommending 
solutions. 


A comprehensive operator training and certification 
pro- 


gram has been established that covers every area of man- 
ufacturing from incoming raw material inspection, wafer 
fabrication, assembly, and test to shipping. Emphasis is 
placed on compliance with specifications, performance to 
quality goals, electrostatic discharge damage (ESD)aware- 
ness and controls, encouraging operators to think quality 
and recommend quality improvement ideas. 


To ensure compliance with specifications, a Quality Audit 
Team performs a systems audit of key manufacturing areas 
and suppliers 
at periodic 
intervals. Compliance 
with 
process specifications and the detailed programs of the 
Corporate Quality Assurance Policy are verified, and dis· 
crepancies reported for quick resolution with special em- 
phasis to eliminate recurring problems. The performance of 
each area is then rated, providing a strong incentive for 
each areato excel. 


With the philosophy that each department, starting from 
incoming raw materials, is considered a customer of the 
preceding department, every effort is made by working 
closely together to meet or exceed our end-customer re- 
quirements and goals. 
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Total Quality Control (TQC) 


The second program starts with the incorporation of innova- 
tive, but conservative, design and layout rules to achieve 
the best performance without sacrificing quality and relia- 
bility. During the design and development cycle, Design, 
Product, Package, Manufacturing, Quality and Reliabilty 
Engineering groups participate in design reviews to ensure 
that all program aspects are covered; ranging from product 
performance objectives to ensuring reproducibility and re- 
peatability in wafer fabrication and assembly. Special em- 
phasis is placed on devising input protection circuitry to 
minimize susceptibility to voltage spikes and ESD,optimiz- 
ing thermal 
layout to minimize parametric drift, 
and 
optimizing bond pad layout to maximize assembly and elec- 
trical test yields, at the same time allowing the die to be 
assembled in awide selection of packages. 


Once the design is approved, a stringent manufacturing 
qualification test plan is conducted on the initial engineer- 
ing runs. The test plan is selected to bring out any weak· 
nesses in the design and any manufacturability problems, 
and includes reliability stress tests such as high tempera· 
ture operational life and high temperature humidity bias 
85°C/85% 
RH for plastic packages, and MIL-STD-883C 


STRINGENT 
INCOMING 
INSPECTION 
ON EVERY LOT: 


• 
DIMENSIONAL 


• 
VISUAL 
EXAMINATION 


• 
FUNCTIONAL 
TESTING TO SIMULATE 
ACTUAL 
MANUFACTURING 
CONDITIONS 


• 
PLATING THICKNESS 
MEASUREMENTS 


• 
COMPOSITIONAL 
ANALYSIS 


• 
CHEMICAL 
ANALYSIS 
FOR CONTAMINANTS 


• 
SPC ON CRITICAL 
PARAMETERS 


VENOOR PERFORMANCE 
TRACKING- 


TO OETERMINE 
VENOOR OUALIFICATION! 
OISOUALIFICATION 
STATUS 


method 5005 qualification testing for hermetic packages. 
Product performance on these tests must beequal to or bet- 
ter than similar products within the same generic group to 
be considered qualified. Major design, package, material 
and process changes are also subjected to these same 
stringent qualification requirements. In addition to achiev- 
ing the required reliability performance, an engineering 
change must also achieve manufacturing yield and quality 
performance levels equal to or better than the original prod- 
uct to beconsidered qualified. 


In manufacturing, process controls start with vendor quali· 
fication on raw material piece parts. A Qualified Vendor List 
is maintained and performance of each vendor is continu- 
ously monitored on a Vendor Rating Program. A dimen- 
sional, visual, functional and, where applicable, composi- 
tional analysis is performed on each direct raw material lot. 
Automated state-of-the-art wafer fabrication, assembly and 
test equipment, cassette·to-cassette handling in wafer fab- 
rication and automated handling in assembly are utilized, 
where possible, to maintain manufacturing consistency 
and quality. Only fully trained and certified operators are al- 
lowed to work on production material. 


Stringent process controls, typically beyond industry stand· 
ards, are established for each critical manufacturing step in 
wafer fabrication, wafer test, assembly, package finishing, 
mark and pack and shipping as depicted in the Quality Con- 
trol Flow Diagram.The process controls include monitors of 
critical assembly processes at a minimum frequency of four 
times per shift, and lot acceptance inspection for operations 
requiring 100% production inspection. Initial die inspection 
and preseal visual inspection are performed per MIL·STD·883 
Method 2010 Test Condition B. Statistical quality control 
techniques are employed in optimizing process parameters, 
and monitoring process performance through the use of con- 
trol charts with action limits and upper and lower controllim· 
its, and in parametric distribution analysis at electrical test. 


Electrical quality is guaranteed by conservative guard· 
banding on production test programs of a minimum of three 
machine guardbands, by using state-of-the·art test equip- 
ment and 0.04%AQL for lot acceptance testing at 25°Cfor all 
military and commercial lots. Additional tests, like rack burn· 
in, beyond the data sheet specifications on regulator prod- 
ucts are performed by exercising the parts in a thermal 
shutdown mode. These tests are incorporated into the test 
flow to improve reliability and weed out infant mortality fail· 
ures. Visual and mechanical quality is optimized by minimiz- 
ing handling of parts in assembly, test and end of line 
operations. Lead finish processes have been selected that 
mimimize solderability problems and all lots are subjected to 
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a stringent major visual/mechanical inspection. Administra- 
tive errors due to mixed and wrong parts are minimized by 
strictly adhering to a one lot per station policy, and double 
checking orders at order entry and shipping. Before shipment 
of a lot to the customer each lot is inspected to ensure that it 
meets internal and customer specifications and purchase or- 
der requirements. The level of attention paid to each unit is 
demonstrated by the fact that each unit is traceable to the 
wafer fabrication lot number via a side or back mark on both 
883and commercial products on all packages, except where 
there is a physical constraint. 


Through the use of automated equipment, strict process 
controls (utilizing proven statistical 
quality control tech· 
niques), periodic systems and quality audits (conducted by 
the Quality Audit Team), stringent facilities and environ· 
mental controls and monitors, Linear Technology is able to 
ensure quality is built into the product and to guarantee a 
consistently high quality level. 


The manufacturing quality controls are complimented by a 
reliability audit program designed to weed out design, fab- 
rication, packaging and assembly deficiencies. Addition- 
ally, controls are supported by a comprehensive failure 
analysis and corrective action program designed to provide 
timely feedback of findings to all operating groups for reso- 
lution. The analysis of customer returns, and corrective ac- 
tion taken, completes the closed loop of our Total Quality 
Control program. 


Military and Commercial 
Products Share 
the Same Stringent Inspections 
and Controls 


o 
WAFER FABRICATION 
PROCESS CONTROLS & CLASS 
100 PROCESSING, 


o 
REGULAR SEM MONITORS, 


o 
DICE INSPECTION 
PER MIL-STD-883C 
METHOD, 
2010 TEST CONDITION B_ 


o 
PRE-SEAL VISUAL 
INSPECTION 
PER MIL-STD'883C 
METHOD 2010, 
TEST 
CONOITION B, 


o 
DIE SHEAR TEST PER MIL-STD-883C 
METHOD 2019, 


o 
BOND PULL TEST PER MIL-STD-8B3C 
METHOD 201l. 


o 
SOLDERABILITY 
TEST PER MIL-STD-883C 
METHOD 2003_ 


o 
MARK PERMANENCY 
TEST PER MIL-STD-883C 
METHOD 2015_ 


o 
HERMETICITY 
TESTING PER MIL-STD-8B3C 
METHOD 1014_ 


o 
QA ELECTRICAL 
TEST TO 0 04% 
AQL AT 25'C, 
AND TEMPERATURE 
TESTING, 


o 
EXTERNAL VISUAL 
PER MIL-STD-883C 
METHOD 2009, 


Vendor Participation 


The requirements of high quality raw materials for inte- 
grated circuit manufacture range from ppb (parts per billion) 
impurity levels for electronic grade chemicals to ppm (parts 
per million) defective levels for lead frame packaging 
materials. It is not only essential, but critical for the semi- 
conductor manufacturer to work closely with their vendors 
to attain the high quality levels needed in raw materials. At 
Linear Technology, a program has been established and im- 
plemented to allow vendor participation 
in formulating 
specifications and establishing percentage defective and 
lot rejection rate goals. This vendor participation ensures 
that the direct and raw material quality levels received are 
consistent with our manufacturing and end-product quality 
goals. Clearly, achieving optimum quality product requires 
the use of the best possible materials available and with 
continuous communication and feedback from our vendors 
to improve in this key area. 


Focus For the 90's 


The following key quality improvements programs have 
been established to meet the quality requirements of the 
90's. 


As demand for quality semiconductor components be- 
comes increasingly more stringent, the percentage goals 
from the 1970's have given way to ppm goals in the 1980's. 
At Linear Technology, ppm quality goals are established for 
every major operation, from incoming inspection to cus- 
tomer returns. Performance to goals is reviewed quarterly 
and, where goals are not met, quality improvement pro- 
grams are defined and implemented. Quality goals are 
updated and tightened on an annual basis, and quality pro- 
grams are redefined to achieve the new goals established. 
Oneof the early benefits of this program is demonstrated by 
the excellent averageoutgoing electrical quality (AOQ). 


Statistical Process Control (SPC) 


The increased reliance on automated manufacturing and 
test equipment underlines the need for strict process con- 
trol techniques. SPC is a valuable tool and, at Linear 
Technology, we realize the importance of these methods. 
Engineering analysis is performed regularly, using SPC 
techniques to establish the process capability. Control 
charts showing X and R points are tracked to ensure the 
process is within normal limits and action and shutdown 
limits are established for critical operations. The process 
capability of key processes are calculated using the Cpk 
capability index on an ongoing basis to ensure a program 
for continuous quality improvement. 
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A comprehensive 
ESD control 
program 
has been estab- 
lished which encompasses 
design, handling, testing, stor- 
age, 
and 
final 
packaging 
for 
shipment. 
The 
program 
includes the use of grounded table tops, floor mats, wrist 
straps and heel straps, topical antistatic 
treatment 
of floor 
coverings, 
banning 
of static 
bearing 
materials 
from the 
manufacturing 
environment, 
ionizers, and use of conduc- 
tive or antistatic 
materials for handling and final packaging. 
Areas where ESD control must be enforced are designated 
as ESD Protected areas. ESD awareness training programs 
help to increase the operator's 
awareness 
for successful 
implementation 
of this program. 
Every effort 
is made to 
stamp out this silent chip killer. The benefits of this pro- 
gram are improved quality and reliability to the customer. 
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Based on the foregoing quality programs, Linear 
Technology Corporation is positioned to con· 
tinuously improve our product quality and ex- 
ceed the demands of our customers in the 80's 
and beyond. 


Customer Ship-To·Stock Program 


Linear Technology 
is working hand-in-hand with customers 
to supply consistently 
high quality-level 
products 
to help 
achieve a ship-to-stock 
program by eliminating 
the need to 
do an incoming inspection. We recognize the benefits to our 
customers 
of a ship-to-stock 
program, 
namely savings 
in 
the need to purchase and maintain 
incoming 
test equip- 
ment, savings in the need to maintain a safety stock in case 
of incoming 
lot rejections, 
and reduction 
in board failures 
and re-work costs because of higher component quality. 
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Linear Technology R·Flow 


Reliability has been a key focal point at Linear Technology 
Corporation since our inception in 1981.Our standard prod· 
uct reliability is monitored closely and we have generated 
an extensive reliability data base for both hermetic and 
plastic devices. This data is published on a quarterly basis 
and we are seeing very low reliability failure rates in the un· 
der 1 FITrange at 55°C.* 


In response to customer requests, we have added an even 
higher level of reliability screening for commercial hermetic 
and plastic components. LTC's R·Flow adds an equivalent 
160 hours 125°C burn·in to the standard commercial pro· 
cess flow. Following burn·in, a 100% room temperature test 
is performed and a 10% PDA(Percent Defective Allowed) is 
applied. This PDA limit affords an additional level of insur· 
ance on a lot·by·lot basis and prevents the occasional dis· 
parate lot from being shipped for critical applications. The 
additional room temperature insertion also decreases the 
probability of any electrical defectives in the R·Flow lot. 


R·Flow for TO·5 and CERDIP Packages 
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Introduction 


As integrated circuit technologies achieve higher speed, 
~maller geometries, lower power and lower voltage, there 


IS a trend toward greater ESD (Electrostatic Discharge 
Damage) susceptibility. State-of-the-art CMOS ICs can be 
susceptible to as little as 50V, a static level that is way be· 
low the 500V to 15,OOOV commonly found in an ESDunpro· 
tected work environment. As these state·of·the·art ICs get 
designed into systems, the ESD susceptibility of system 
hardware also increases proportionately. Industry esti- 
mates of losses due to ESDare in the range of a few billion 
dollars annually. 


It has now become increasingly more important for all 
semiconductor manufacturers and users of semiconduc- 
tor and other electronic components to fully understand 
the nature of ESD,the sources of ESD,and its impact on 
quality and reliability, to effectively deal with this silent 
chip killer. 


Linear Technology Corporation has successfully under- 
taken a simple but effective ESD Protection Program as 
part of an overall program designed to enhance product 
quality and reliability. Described in this section are the 
keypoints of this program. 


The ~bjective is to provide increased ESD awareness by 
showing the sources of ESDin the work environment, and 
t? recommend keypoints for the successful implementa- 
tion of an ESDprogram on a company-wide basis. 


The end result of a successful ESDprogram would be the 
reduction of line failures, final inspection failures and 
field failures, improved manufacturing yields, improved 
product quality and reliability and lower warranty costs. 
We hope that this will help to convince the reader that an 
ESD Pro~ection Progr,ammust be an integral part of every 
electronic 
company s product 
quality 
and 
reliability 
program. 


Key Elements of a Successful ESD Protection Program 


Recent improvements in failure analysis techniques to 
correctly identify ESDfailures together with an increase in 
ESD related information 
from technical 
publications, 


EOS/ESD symposiums and vendors have significantly 
helped to increase ESDawareness. 


The ESD Protection 
Program at 
Linear Technology 
Corporation was successfully 
launched in 1983 when 
production of ICs was first started. A constant upgrading 
of the program is still underway. During the ongoing ef· 
forts to improve product quality and reliability, previously 
unrecognized ESDrelated problems have been brought to 
light and corrected. 


An effective ESDProtection Program must start at product 
design, and encompass all manufacturing and handling 
steps up to and including field service and repair. Our de- 
sign goal is to achieve an ESD susceptibility 
level of 
2,OOOV or greater. 


Since the sources of static in any work environment are 
similar, key elements of the program successfully imple· 
mented at Linear Technology Corporation can also be ap- 
plred to all users of electronic components. Where these 
key elements apply, static controls generic to an elec- 
tronic systems manufacturer are included. 


The key elements of a successful ESDProtection Program 
include: 


1. Understanding static electricity. 


2. Understanding ESDrelated failure mechanisms. 


3. ESDsensitivity (ESD)testing. 


4. Establishing an ESD task force to outline the require· 
ments. of the program, sell the program to manage- 
m~nt, Implement the program, review progress against 
milestones, and follow-up to ensure the program is con- 
tinuously improved and upgraded. Selecting an ESD 
coordinator to interface with all departments affected. 


5. Conducting a facility evaluation to help identify the 
sources of ESDand establish static control measures. 


6. Setting up an audit program. 


7. Selection of ESDprotective materials and equipment. 


8. Establish a training and ESDawareness program. 
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What is Static Electricity? 


Lightning 
and sparks from a metallic 
doorknob during a 
dry month are examples of static electricity. 
The magni· 
tude of a static charge is dependent on many variables, 
among them the size, shape, material 
composition, 
sur· 
face characteristics 
and humidity. 
There are basically 
three primary static 
generators, 
namely triboelectric, 
in· 


ductive and capacitive charging. 


Triboelectric Charging 


The most common static generator 
is triboelectic 
charg· 


ing. It is caused when two materials (one or both of which 
are insulators) come in contact and are suddenly separat· 
ed or rubbed together, creating an imbalance of electrons 
on the materials and thus static charge. 


Some materials 
readily give up electrons whereas others 


tend to accumulate 
excess electrons. 
The Triboelectric 
Series lists materials in descending order from positive to 
negative charging due to this triboelectric 
effect. A sam· 
pie triboelectric 
series is shown here. A material that is 
higher on the list, e.g., a human body, will become posi· 
tively charged when rubbed with a material, e.g., polyester, 
that is lower on the list, due to the transfer of electrons 
from the human body to the polyester material. 


Human Body 


Positive 
Glass 
+ 
Mica 
Nylon 
Wool 
Fur 
Silk 
Aluminum 
Paper 
Cotton 
Steel 
Wood 
Hard Rubber 
Orion 
Polyester 
Polyethylene 
Negative 
PVC(Vinyl) 
Teflon 


Inductive Charging 


Static can also be caused by induction, 
where a charged 
surface induces polarization 
on a nearby material. If there 
is a path to ground for the induced charge, an ESD event 
may take place immediately. 
An example of an induced 
charge is when the plastic portion of a molded IC package 
acquires a charge either through triboelectric 
charging or 
other 
means, 
produces 
an 
electrostatic 
field 
and 
induces a charge on the conductive 
leads of the device. 
When the device leads are grounded, 
a short duration 
damaging static pulse can take place. 


Capacitive Charging 


The capacitance 
of a charged body relative in position 
to 
another 
body also has an effect 
on the static 
field. To 
see that this is true, one need only look at the equation 
Q = CV (charge equals capacitance 
times voltage). If the 
charge is constant, 
voltage increases as capacitance 
de· 
creases 
to 
maintain 
equilibrium. 
As capacitance 
de· 


creases the voltage will increase until discharge 
occurs 
via an arc. A low voltage on a body with a high capacitance 
to ground can become a damaging voltage when the body 
moves away from the ground plane. For example a 100V 
charge on a common plastic bag lying on a bench may in· 
crease to a few thousand 
volts when picked 
up by an 
operator, due to a decrease in capacitance. 


These sources of static can be found almost anywhere in 
an unprotected 
work environment, 
on personnel 
wearing 
synthetic 
clothing 
and 
smocks, 
on 
equipment 
with 
painted or anodized surfaces, 
and on materials 
such as 
carpets, 
waxed 
vinyl 
floors, 
and 
ungrounded 
work 
surfaces. 


Understanding the Failure Mechanisms 


In the past, analysis of electrical 
failures to pinpoint 
ESD 
as a cause was often difficult. 
But with a better under· 
standing of failure mechanisms 
and their causes, and the 
use of more sophisticated 
techniques 
like scanning elec· 


tron microscopy 
(SEM), pinpointing 
ESD failures can now 
be part of a routine failure analysis. 


Parametric 
or functional 
failure of bipolar and MOS ICs 
can occur as a result of ESD. 


The primary ESD failure mechanisms 
include: 


1. Dielectric Breakdown: This 
is a predominant 
failure 
mechanism 
on MOS devices when the voltage across 
the oxide exceeds the dielectric 
breakdown 
strength. 
This failure mechanism 
is basically voltage dependent 
where the voltage must be high enough to cause dielec- 
tric 
breakdown. 
As such, the thinner 
the oxide, 
the 
higher the susceptibility 
to ESD. MOS device failures 
are characterized 
by resistive shorts from the input to 
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MOS Transistor Structure 
Showing ESD Included Pinholes at Gate Oxide 
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This failure 
mechanism 
can also be found on bipolar 
ICs which 
have metallization 
runs over active 
semi- 
conductor 
regions 
separated 
by a thin oxide. Device 
failures 
are characterized 
by resistive 
or high leakage 
paths. 


2. Thermal Runaway (Second Breakdown): This 
failure 
mechanism 
results in junction 
melting when the melt- 
ing temperature 
of silicon 
(14WC) 
is reached. This is 
basically 
a 
power 
dependent 
failure 
mechanism, 
namely the ESD pulse shape, duration and energy can 
produce power levels resulting in localized heating and 
eventually 
junction 
melting, 
even though 
the voltage 
level is below that required to cause dielectric 
break· 
down. Second breakdown of the emitter-base 
junction 
of a NPN transistor 
is a common 
ESD related failure 
mode on bipolar ICs, since the highest current density 
occurs on the smallest 
current carrying 
area which is 
typically 
the emitter-base 
junction. 
Low current 
gain 
(hFEI is a very sensitive 
indicator 
of emitter-base 
junc- 
tion damage on bipolar linear ICs. 


3. Metallization Melting: When junction 
melting 
and a 
short occurs, localized melting of the metallization 
can 
occur if there is enough energy in the ESD pulse. This is 
frequently 
a secondary failure mechanism, 
following 
a 
short resulting from one of the other failure modes. 


4. Parametric Degradation: On precision, 
high speed ICs 
(e.g., bipolar operational 
amplifiers 
with a typical 
input 
bias current of 10pA and low input offset voltage of typ- 
ically 50ILV)ESD can cause device degradation, 
besides 
functional 
failures. This can impact electrical 
perform· 
ance and adversely affect device reliability. 


This degradation 
in device parametric 
performance 
is 
far more difficult 
to pinpoint 
as an ESD related failure 
mode. It is also the least understood 
among the failure 
modes. The extent of this degradation 
is dependent on 
the number of ESD pulses and the level of damage 
sustained. 
The first ESD pulse may not cause an IC to 
fail the electrical 
datasheet 
limits, but with each subse· 
quent ESD pulse, the parametric 
performance 
can de- 
grade to the point where the device no longer meets the 
datasheet limits. 


There is a great deal of current 
research 
focused 
on 
ESD induced latent failures, 
and there now appears to 
be more evidence of this type of failure mechanism. 
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ESO Failure Analysis Program 


ESD defect identification 
must be an integral part of a fail· 
ure analysis 
program. 
The key objectives 
are to help 
identify the ESD failure mechanism, 
isolate the cause for 
failure, and implement 
corrective 
action to prevent recur· 
rence. All devices suspected of being damaged by ESD af- 
ter 
initial 
electrical 
verification, 
should 
be 
failure 
analyzed. 


An ESD failure analysis program is outlined below. 


1. Initial electrical 
test verification. 


2. Review device history to determine if there are any simi· 
lar failures 
in the past. Review ESD sensitivity 
data if 
available. 


3. Investigate 
conditions 
in any area that can potentially 
cause ESD damage. Common potential 
problem areas 
include: 


• 
Proper 
grounding 
procedures 
not being 
followed 
(e.g., conductive 
table/floor 
mats not grounded, per- 
sonnel not wearing wrist strap, etc.) 
• 
Improper 
handling 
(e.g., handling 
devices at a non- 
ESD protected station) 
• Transporting 
devices in unapproved containers 
(e.g., 


in common plastic bags/tubes/tote 
boxes) 
• 
Changes in procedures or operation 
• 
Changes in equipment 
• 
Design deficiencies 


4. Failure analysis sequence: 


• 
Bench testing and curve tracer analysis 
• 
Pin·to-pin analysis 
• 
Internal visual (10 x to 1000 x) 
• 
Liquid crystal hot spot detection 
• 
Scanning electron microscopy 
(SEM), secondary ion 
mass spectrometry 
(SIMS), energy dispersive 
X-ray 
analysis (EDX), scanning auger microprobe (SAM) 
• 
Plasma/chemical 
etching 
• 
Special fault decoration 
• 
Micro-sectioning 
• 
Documentation 


An excellent 
failure 
analysis 
manual 
is published 
by 
the Rome Air Development Center titled "Failure Analy· 
sis Techniques-A 
Procedural Guide". 


5. Duplication 
of failure 
by stressing 
identical 
devices. 


The same or similar electrical 
failure mode is a good in- 
dicator of an ESD induced failure mode. 


6. Implement 
corrective 
action 
to 
prevent 
recurrence. 
Corrective action may include: 


• 
Component, 
board, 
sub-system 
or 
system 
level 
redesign 
• 
Improve ESD controls 
• 
Improve part handling 
• 
Improve ESD awareness 
• 
Improve compliance 
with ESD protection 
procedures 
• 
Increase audit frequencies 
• 
Improve packaging materials and procedures 


Corrective action taken by the end user should include 
a thorough 
review of electrical 
and mechanical 
packag- 
ing designs. 
In addition 
the end user should 
consult 
with the IC manufacturer 
on their findings, 
request fail- 
ure analysis 
of suspected 
ESD failures 
if needed and 
require the IC manufacturer 
to take appropriate 
correc- 
tive action on any confirmed 
ESD failure. 


ESO Sensitivity (ESOS) Testing 


ESDS testing 
is crucial in helping the IC designer and the 
end user evaluate the ESD susceptibility 
of a particular 
de· 
vice. At Linear Technology 
Corporation, 
ESDS testing 
is 
incorporated 
into the failure anaylsis program and is per- 
formed on each device as part of the product characteriza- 
tion program. The ESDS testing is also part of new product 
qualification. 
Linear Technology 
performs this ESDS test- 
ing according to MIL·STD·883C, Method 3015. 


The ESDS testing 
provides immediate 
feedback to the IC 
designer 
on any weakness 
found in the design and per- 
mits design correction 
before product release. The ESDS 
data collected 
is also used as baseline data to evaluate 
the effect of any future design changes on the ESDS test- 
ing performance, 
and to help ensure that the final packag- 
ing methods 
meet MIL-M-38510F requirements. 
Devices 
which are classified 
as Category A devices, susceptible 
to 
2000V or less, on this ESDS testing are top marked with an 
equilateral 
triangle per MIL-M-38510F requirements. 


Since people are considered 
to be a prime source of ESD, 
the ESDS test circuit 
is based on a human ESD model. A 
15000 resistor and a 100pF capacitor 
are used in the test 
circuit. 
Human capacitance 
is typically 
50pF to 250pF, 
with the majority of people at 100pF or less, and human re- 
sistance 
ranges from 10000 to 50000. Five combinations 
of input, output, V+ and V- 
pins are tested. An ESD fail- 


ure is defined as a voltage level which causes sufficient 
damage to the device such that it no longer meets the 
electrical 
datasheet limits. 


After initial 
ESDS testing, 
it is important 
that ESDS test 
monitoring 
be performed periodically 
on devices from vari- 
ous lots to determine 
lot-to-Iot variation. 
The VZAP-1 re- 
port titled "Electrostatic 
Discharge (ESD) Susceptibility 
of 
Electronic 
Devices" 
published 
by the Reliability 
Analysis 
Center, Rome Air Development 
Center, contains 
a wealth 
of information 
on ESDS testing data on devices of differ- 
ent process technologies 
from many manufacturers. 
The 
data in this report clearly indicates 
a large lot-to-Iot varia- 
tion relating to ESD susceptibility 
on the same device.' 


Design for ESD Protection 


ESD protection 
designs employed 
on Linear Technology 
Corporation 
devices include: 


1. Input clamp diodes 


2. Input series resistors 
to limit ESD current 
in conjunc- 
tion with clamp diodes 


3. Keeping critical junctions 
out of reverse breakdown, or 
physically 
enlarging it 


4. Eliminating 
metallization 
runs over thin oxide regions 
when they are tied directly to external pins 


ESD Task Force 


An ESD task force should consist of members from each 
affected 
department 
to do the foundation 
work, sell the 
program to management, 
and implement the program with 
the following 
objectives: 


1. Develop, approve and implement 
an ESD control speci- 


fication 
covering all aspects of design, ESD protected 
materials and equipment, and manufacturing 


2. Raise the level of ESD awareness 


3. Develop a training and certification 
program 


4. Work with all departments 
on any ESD questions 
or 
problems 


5. Develop a program to educate and assist sales offices, 


distributors 
and customers to minimize ESD 


6. Review and qualify 
new ESD protective 
materials 
and 
equipment, 
and keep specifications 
and training 
pro- 
gram updated 


7. Measure the cost-to-benefit 
ratio of the program 


Facilities Evaluation 


The ESD task force 
should 
be responsible 
for facility 
evaluation. 
This evaluation 
should be guided by the ESD 
coordinator. 
The ESD coordinator 
should 
be chosen 
for 
strong knowledge 
of ESD controls, 
and for the ability 
to 
effectively 
interface 
with all affected 
departments. 
The 
primary objective of the task force is to pinpoint areas that 
represent sources of static electricity 
and potential 
yield 
losses due to ESD. 


A representative, 
preferably the engineering 
or production 
manager, 
from 
each 
of the 
key manufacturing 
areas 
should be represented 
on this task force. At Linear Tech- 
nology Corporation 
this effort is headed by the Quality As- 
surance Manager and the Package Engineering 
Manager. 
The balance 
of the 
ESD task 
force 
members 
are the 
Test Engineering, 
Product 
Engineering, 
and Production 
Managers. 


The only equipment 
needed for this survey is a field static 
meter which measures static 
up to a level of 50kV. Both 
nuclear 
and electronic 
type static 
meters are available 
from manufacturers 
like 3M, Simco, Wescorp and Scien- 


tific Enterprises. 


Regardless of area classification, 
all manufacturing 
areas 
can be broken 
down 
into the following 
categories 
for 
evaluation 
purposes. 


1. Personnel 


Personnel 
represents 
one of the largest sources of static, 
from the type of clothing, 
smocks 
and shoes that they 
wear (for example, polyester or nylon smocks). 


2. The Environment 


The environment 
includes 
the room humidity 
and floors. 
Relative 
humidity 
plays a major part in determining 
the 
level of static 
generated. 
For example, 
at 10-20% 
RH a 
person walking 
across a carpeted 
floor can develop 35kV 
versus 
1.5kV when the relative 
humidity 
is increased 
to 
70%-80%. 
Therefore 
the 
humidity 
level 
must 
be con· 
trolled and should not be allowed to fluctuate 
over a broad 
range. 


Floors also represent 
one of the greatest 
contributors 
of 
static generation 
on personnel, 
moving carts or equipment 
because 
of movement 
across 
its surface. 
Carpeted 
and 
waxed vinyl floors are prime static generators. 


3. Work Surfaces 


Painted or vinyl covered table tops, vinyl covered chairs, 
conveyor 
belts, racks, carts and shelving 
are also static 
generators. 


4. Equipment 


Anodized 
surfaces, 
plexiglass 
covers, ungrounded 
solder 
guns, plastic 
solder suckers, 
heat guns and blowers 
are 
also static generators. 


5. Materials 


Look out for common 
plastic work holders, foam, common 
plastic tote boxes and packaging 
containers. 


Examples 
of typical 
static 
levels are shown 
in the table 
below. 


RELATIVE HUMIDITY 
10%-20% 
70%-80% 


Walking across a carpeted floor 
35kV 
Walking across a vinyl floor 
12kV 


Picking up a common plastic bag 
15kV 
Sliding plastic box over bench/conveyor 
15kV 
Ungrounded solder sucker 
8kV 
Plastic cabinets 
8kV 


1.5kV 


O.3kV 
O.5kV 
2.0kV 
1.0kV 


1.0kV 


This 
ESD survey should 
include 
all direct 
and support 
manufacturing 
areas where semiconductor 
and other elec· 
tronic 
components 
are handled, 
and should 
be extended 
to cover distribution 
and field sales offices, 
and field ser- 
vice centers. Once the facility 
evaluation 
is completed, 
the 
results are reviewed by the ESD task force, and controls 
are selected to combat each potential 
ESD problem area. 


The ESD Protection 
Program 


The degree of static 
control 
should be determined 
by the 
most static sensitive 
device or assembly 
in the operation. 
Top management 
support 
and implementing 
the same ba- 
sic controls 
in all areas with no double standards 
will help 
to ensure success. 


The basic concept of complete 
static protection 
is the pre- 
vention of static buildup, the removal of any already exist· 
ing charges, and the protection 
of electronic 
components 
from induced fields. The first and foremost 
line of defense 
is the personnel 
wrist strap together 
with grounded 
con· 
ductive 
or static 
dissipative 
table 
tops, 
and conductive 
heel straps and grounded 
conductive 
or static 
dissipative 
floor mats. 


To increase ESD awareness 
at Linear Technology 
Corpora- 
tion, all ESD Protection 
Areas are marked by an identifying 
label shown below. This label alerts all personnel 
that ESD 
protection 
procedures 
are enforced 
in the area. 


ESD Protected Workstation 


Examples 
of ESD Protected 
Workstations 
are shown 
in 
Figures 1 and 2. 


Option 1 (Figure 1): All electronic 
components, 
sub·assem· 


blies 
and assemblies 
must 
be handled 
at an ESD Pro· 


tected Workstation 
only. The figure illustrates 
an ESD Pro· 
tected Workstation 
consisting 
of a static dissipative 
table 
mat grounded 
to earth or electrical 
ground through 
a 1Mn 
series 
resistor, 
with 
the requirement 
that 
the operator 
wears a grounded 
insulated 
conductive 
wrist strap with a 


ELECTRIC POWER EQUIPMENT ~ 


3. 
WRIST STRAP "'" 


1Mn series resistor. This 1Mn series resistor 
protects 
the 
operator 
from electrical 
hock, should the operator 
come 
in contact 
with 
a potentially 
lethal 
voltage. 
Option 
1 
should 
be used where the operator 
does not require 
a 
large degree of freedom, 
e.g., during 
product 
inspection, 


component 
soldering, 
board repair, etc. 


D 
4. 
INSULATIQN 
PAD 


/ 
I 
CONDUCTIVE 
DR STATIC 
= 
/ / 
. DISSIPATIVE 
TABLE MAT 


"'" 


TABLE TOP 


2. 
INSULATED CONDUCTIVE 
GROUND CORD WITH A SERIES RESISTOR OF 1/2W 
MINIMUM. 
IMll± 
10%, 
AND 18AWG DR LARGER INSULATED WIRE. 


3. 
INSULATED 
CONDUCTIVE WRIST STRAP WITH 1/4W 
MINIMUM, 
lMll± 
10% 


AND 20AWG OR LARGER INSULATED WIRE. THE CURRENT LIMITING 
I Mil 


RESISTOR MUST BE LOCATED RIGHT NEXT TO THE WRIST TO PREVENT THE 
POSSIBILITY 
OF SHUNTING 
THE RESISTOR. 


4. 
POWER TEST EQUIPMENT 
MUST BE CHASSIS GROUNDED VIA A THREE,PRONG 


PLUG, AND PLACED ON AN INSULATION 
PAD MADE OF FORMICA. 
FIBERGLASS 


OR EQUIVALENT 
MATERIAL. 


MATERIALS: 
1. 
OPTIONAL 1/8" 
THICK CONDUCTIVE 
DR STATIC DISSIPATIVE 
MAT DR 


CONDUCTIVE 
FLOORING (o.g .. CONDUCTIVE 
FLOOR TILES) WITH A SURFACE 
RESISTIVITY 
OF '" lOall 
PER SQUARE. 


3. 
INSULATED CONDUCTIVE 
GROUND CORD WITH A SERIES RESISTOR Of 
112W 
MINIMUM, 
lMll± 
10%, 
AND 18AWG OR LARGER INSULATED 
WIRE. 


Figure 2 


Option 2 (Figure 2): Shows an alternate installation 
meth- 
od for an ESD Protected 
Workstation. 
It consists 
of a 
conductive 
or static 
dissipative 
floor 
mat grounded 
to 
earth or electrical 
ground through 
a 1Mn series resistor 
with the operator wearing a conductive shoe strap. This in- 
stallation 
is typically 
used where the operator needs free- 
dom of movement over a large area, e.g., environmental 
chamber loading and unloading, electrical 
testing, etc. To 
be effective 
the conductive 
shoe strap must be attached 
to the wearer's 
shoe to maximize 
contact 
between the 
strap and the conductive floor. 


Option 3: Utilizes the same conductive 
or static dissipa- 


tive floor mat installation 
as Option 2 with the exception 
that the operator is grounded via a wrist strap through the 
equipment ground instead of a conductive shoe strap. It is 
utilized where an operator is working with a piece of free- 
standing 
equipment 
and does not require a great deal of 
freedom of movement. 


Handling 


At Linear Technology 
Corporation 
all products 
are han- 
dled, transported 
and staged in volume conductive 
tote 
boxes. This offers 
maximum 
protection 
to the compo- 
nents from triboelectrically 
generated and inductive static 
charges. The rule is under no circumstances 
should com- 
ponents 
be removed from their approved containers 
ex- 
cept at an ESD protected workstation. 


Final Packaging 


Only antistatic 
and conductive final packaging containers 
(for example, antistatic 
or conductive 
dip tubes, volume 
conductive 
carbon 
loaded plastic 
bags or metallic 
film 
laminate bags, foil lined boxes) are used. Filler (dunnage) 
material 
used should 
be antistatic, 
non-corrosive, 
and 
should not crumble, flake, powder, shred or be of fibrous 
construction. 
Conductive 
packing materials are preferred 
since they not only prevent buildup of triboelectric 
charge, 


but also provide shielding from external fields. 


Other ESO Preventative Measures 


• Where 
possible, 
ban 
all 
static 
bearing 
materials, 


e.g., 
common 
plastics, 
styrofoam 
from 
the 
work 
environment. 


• 
Use only synthetic 
material smocks with 1% to 2% in- 
terwoven steel. 


• 
Ensure all electronic 
and electro-mechanical 
equip- 
ment is chassis grounded, including conveyor belts, va- 
por degreasers and baskets, solder pots, etc. 
• Tips of hand soldering irons are to be grounded. 
• All parts of hand tools (e.g., solder suckers, pliers, etc.) 
which can be expected to come in contact 
with elec- 
tronic components 
are to be made of conductive 
mate- 
rial and grounded. 


• Conductive 
shorting 
bars are to be installed 
on all 
terminations 
for PC boards with electronic components 
during assembly, loading, inspecting, 
repairing, solder- 
ing, storing and transporting. 
• All PC boards with electronic components 
are not to be 
handled by their circuitry, connector 
points or connec- 
tor pins. 
• 
High velocity air movement is to be delivered through a 
static neutral izer. 


• Air ionizers are to be employed 
in neutralizing 
static 
buildup on insulators if they have to be used or as an ex- 
tra 
precautionary 
measure 
for 
extremely 
sensitive 
assemblies. 


• Do not slide electronic components over a surface. 


Air ionizers come in three basic types: nuclear, AC and 
pulsed DC. These ionizers can neutralize static charges on 
non-conductive 
materials 
by supplying 
the materials with 
a stream of both positive and negative ions. 


The advantage of the AC or pulsed DC type air ionizer is 
that there is no recurring 
annual replacement 
cost. The 
disadvantages 
are: it emits ozone which can damage rub- 


ber in equipment; 
EMI (Electro 
Magnetic 
Interference); 


and an imbalance 
in the stream of ions if not properly 
maintained, 
therefore 
necessitating 
frequent 
preventive 
maintenance. 


The advantages 
of the nuclear type air ionizer are low 
maintenance, 
no ozone, no EMI and no imbalance 
prob- 
lems. The disadvantages 
are that it requires careful han- 
dling because of the radioactive 
source, and the annual 
recurring cost to replace the radioactive source. 


The selection of air ionizers must be done with care with 
awareness 
of the above limitations. 
The squirrel 
cage 
ionized air blower has been proven to produce a signif- 
icantly more even distribution 
of ion patterns than does a 
conventional 
fan blower design. 


ESD protective floor and table coverings must be properly 
maintained. 
Do not wax over them. Cleaners must not de· 
grade their electrical 
properties. Vacuum to remove loose 
particles, 
followed 
by a wet mop with a solution 
of mild 
detergent and hot water. 


Periodic Audits 


At Linear Technology Corporation 
periodic audits are con· 
ducted to check on the following 
at least once a month, 


unless otherwise noted. 


• Compliance with ESD control procedures. 
• Ensure that the conductive 
ground cord connection 
is 
intact 
by measuring 
the series resistance 
to ground 
with an ohmmeter. 
• Ensure that wrist straps are still functional 
by measur· 
ing the resistance 
from the person to ground. 
The 
ground 
lead of the ohmmeter 
is connected 
to the 
ground connection 
of the wrist strap, and the positive 
lead is connected 
to a stainless 
steel electrode 
(one 
inch in diameter, and three inches long #304 stainless 
steel) which is held by the person. This test method not 
only checks the resistance 
of the series resistor, but 
also resistance 
through the ground cord and also any 
contact resistance between the wrist strap and the per· 
son's skin. This test procedure is required when wrist 
straps 
with 
an elastic 
nylon 
band with 
interwoven 
metallic 
strands are used, since the metallic 
strands 
breakdown with prolonged use. This monitor frequency 
may be shortened depending on audit results. 


• 
Measure the surface resistivity 
of conductive 
or static 
dissipative 
table 
tops 
once 
every 6 months 
using 
ASTM·F-150· 72, ASTM·D-257 or ASTM·D-991 test meth· 
ods as appropriate. 


Materials Selection and Specification 


Based 
on the tremendous 
amount 
of 
ESD proiective 
materials 
available, it is important 
that materials 
are se· 
lected based on a stringent qualification. 
Once the materi· 
als have been selected 
and specifications 
defined, 
a 
material procurement 
specification 
needs to be initiated 
that defines the materials and quality requirements 
to the 
vendor. One of the major pitfalls 
is to procure material in 
haste, e.g., a wrist strap, only to find out it does not per· 
form reliably. 


The SOAR·1 report titled 
"ESD Protective 
Material 
and 
Equipment: A Critical Review" published 
by the Rome Air 
Development Center is an excellent reference on the vari· 
ous types of ESD protective materials available. 


At Linear Technology 
Corporation 
a minimum 
of three 
manufacturing 
lots from a potential 
vendor are subjected 
to qualification 
testing per the requirements 
of the materi· 
al procurement 
specification 
for ESD protective materials. 


The vendor is considered qualified only when all three lots 
are found to be acceptable. Once vendors have been quali· 
fied, all incoming 
ESD protective 
materials 
are subjected 
to a stringent incoming inspection. 


The following 
table summarizes 
a sample material 
and 
test specification 
for ESD protective materials. 


#304 
STAINLESS 
STEEL 


ELECrOOE 


OHMMETER 


J§ 


MATERIAL 
PROPERTIES/ DESCRIPTION 
TEST METHODS 


Wrist Strap 
• Insulated coil cord with a 1Mn ± 10%, V. W minimum 
Measure series resistance with ohmmeter. Apply normal 


series resistor molded into snap fastener (at wrist end), 
tug to both ends of strap and remeasure series resistance. 


and an elastic wrist band with inner metallic filaments 
Resistance must be between 0.8 to 1.2Mn. 


and insulative exterior. 


Conductive or Static 
• Must not shed particles 
Test per ASTM·F·150·72,ASTM·D·257,ASTM·D·991(for 


Dissipative Table and Floor 
• Must not support bacterial or fur.gal growth 
surface resistivity <106n1square). 
Coverings, Conductive Tote 
• Conductive: surface resistivity <105n/square. Static 


Boxes, Conductiva Shoe 
Dissipative: surface resistivity> 
105and <109n1square. 


Straps 


Conductive Foam 
• Shall not contain more than 30ppm C1, K, Na when a 
With devices inserted into the foam, the foam must not 
quantitative chemical analysis is performed 
cause lead corrosion after a 24 hour 85°C/85% RH 
• Must not support bacterial or fungal growth 
temperature/humidity 
storage. 


Antistatic and Conductive 
• Must not exhibit an oily·like film 
Must meet an Electrostatic Decay test per Federal Test 
Dip Tubes 
Method Standard 101Test Method 4046. Material charged 
to 5000V must be discharged to 1% of its initial value (50Y) 
in 2 seconds after a 24 hour conditioning at 15% relative 
humidity. 


Antistatic and Conductive 
• Antistatic bags must meet MIL·B·81705type 2 
Test method for antistatic bags same as for antistatic/ 


Bags 
• Conductive bags must meet MIL·B·117 and sealing 
conductive dip tubes. Test method for conductive bags 
requirements of MIL·B·81705 
same as for conductive tablelfloor coverings. 


• Must not support bacterial or fungal growth 


Static Eliminators/Ionized Air 
• Ozone level: 0.1ppm maximum for 8 hour exposure 
Voltage Decay test: A non·conductive sheet of material 
Blowers 
• Noise: 60dB maximum 
charged to 5kV must be discharged to 1% of its initial value 
• 
EMI: non·detectable when measured 6 inches away 
(50V)in 2 seconds at a distance of 2 feet from the ionizer or 
larger distance if application calls for a larger distance. 


Training and Certification 
Program 


The training 
program 
should 
be developed 
to increase 
ESD awareness 
and to assist all personnel 
in complying 
with the ESD control 
specification. 
The program should 


include: 


1. A discussion 
on "What is Static Electricity?" 


2. How ESD affects ICs 


3. Estimated cost of ESD related losses 


4. Materials and equipment for controlling 
static 


5. The importance of wearing the wrist strap 


6. The importance of an audit program 


7. Encourage floor personnel to feedback any ESD poten- 
tial areas to the ESD task force 


ESD training 
should 
be incorporated 
into the personnel 
training 
and certification 
program. At Linear Technology 
Corporation 
only fully trained and certified 
personnel are 
allowed 
to do actual 
production 
work. To help increase 


ESD awareness, 
it is often 
a good 
idea to show 
ESD 
awareness films and video tapes which are available from 
a variety of sources (Reference 3 provides a list of films 
and video tapes). Personnel are retrained and recertified 
at 
a minimum frequency of once per year. 


Measuring the Benefits 


Where possible, 
the benefits 
of an ESD Protection 
Pro- 
gram should 
be tracked 
and quantified. 
The two yard- 


sticks used at Linear Technology Corporation 
are final test 
yields and OA electrical 
average outgoing 
quality (AOO). 


Since the implementation 
of this program, there has been 
a significant 
improvement 
in final test yields especially 
on 
static 
sensitive 
CMOS devices. 
With the elimination 
of 
ESD as a potential 
failure cause, the electrical 
AOO has 
averaged well under 100ppm for all products 
combined. 
Improvements 
such as this help to provide positive feed- 
back to manufacturing 
and support personnel on the im- 


portance of an ESD Protection 
Program, and also help to 
ensure its continuing 
success. 
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Introduction 


Linear Technology Corporation 
was founded in 1981 to ad- 
dress 
the 
growing 
demand 
for 
high 
performance 
and 
superior quality linear integrated 
circuits. 


Today, Linear Technology 
has successfully 
established 
a 
leadership 
position 
by introducing 
and supplying 
leading 
edge products 
in each of the industry's 
basic functional 
groups-op 
amps, comparators, 
voltage regulators, 
refer- 
ences, switched-capacitor 
filters, 
interface, 
data conver- 
sion, and a variety of special function 
CMOS devices, in all 
major package styles. 


Early on, Linear Technology 
made the commitment 
to pro· 
vide advanced technology, 
surface mount packaging. 
This 
makes Linear Technology 
the first company 
to offer true 
precision 
and high performance 
linear devices across the 
full range of functional 
categories, 
plus many of the popu- 
lar second-source 
devices in JEDEC Standard 50-8, 14, 16 
and SOL-16, 18 and 20 pin packages. 


Support for Linear Technology's 
surface mount devices in· 
cludes 
service for tape and reel, anti·static 
rails, quality 
and reliability 
data, and datasheets 
on each product. 


Linear Technology 
intends 
to address customer 
demand 
for surface mount devices where technology 
and die sizes 
permit, making the combination 
of small package size and 
high performance 
linear devices 
readily available 
to our 
users. 


This 
section 
contains 
information 
summarizing 
Linear 
Technology's 
capabilities 
and services for surface mount 
packaged 
products, 
as well 
as specific 
device 
data· 
sheets. 


Package Descriptions 


Linear Technology'S 
SO packages 
conform 
to Standard 
JEDEC SOIC outlines. 
Figure 1 represents 
the 8, 14 and 
16·lead narrow (150 mil width) SO packages. 
The 300 mil 
width large cavity SOL package is pictured in Figure 2. 


In some instances, 
an LTC product 
available 
in an 8-pin 
standard 
DIP package is offered in a 16·pin SOL package. 
This covers the situation 
where the die is too large to be 


accommodated 
by the smaller 50-8 package. Although 
it 
is preferable 
for an 50·8 device to have the same pin·out 
as the standard 
8-pin dual·in·line 
version, 
some devices 
necessitate 
a rotation of the die to fit in the 50-8 package. 


Please refer to the applicable 
SO device datasheet, 
or 
consult 
with the factory 
to verify exact pinouts 
for each 
device. 


NO OF lEADS. 
"A" 
DIM 


8 
0.188 0.196 
(4.755-4.976) 


14 
0.336 0.344 
(8.S,34-8.737) 
" 
0.3850.394 
(9779-10.007) 


~'~I 


0228-0.244 II 
0.ISO-0.157 
(579IL~-=r9~1 


1 
2 
J 
4 


raE':"lifI 


SEENOTE0,: 
(1~::=~04~31 
':) U 


0291-0299 
1 
2 
3 
4 
5 
6 
7 
8 


(7391_759SI} 
0093-0104 
(2362-2642) 
0037-0045 
0010_0029)(450t 


(0940-1143) 
(0254-0737) 
---.L 


O'-8'TYP ,==1 
-- -+ 
=n=n=n=n=nn=t1! 
f 


0009-0.013 
L 
~ 
l-JL 
0004-0012 
(0.229-0.330) 
SEENOTE 
(1~~O) 
(0.102-0.305\ 


0.016-0.050 
0014-0019 


(0.406-1.270) 
(0356-0482) 


NO 
OF LEADS 
"A" 
DIM 


" 
03950415 


(lO_03J-l0~1) 


18 
0.450 0.470 
(11,430~11938) 


20 
0495 
0.515 


(12573-13.081) 


" 
0600 
0615 
ii5"240~) 
28 
0.700 0715 


(17.l80-18.16!) 


NOTE 


PIN 
1 IDENT. 
NOTCH 
ON TOP 
AND 
CAVlTIES 


ON THE 
8OTIOM 
OF PACKAGE 
ARE 
THE 


MANUFACTURING 
OPTIONS 
THE 
PART 


MAY 
BE SUPPLIEDWlTH 
DR WlTHOUT 


AHYOF 
THE 
OPTIONS. 


Electrical 
Specifications 


Wherever 
possible, 
electrical 
specifications 
for an SO de· 
vice are the same as the plastic 
molded equivalent. 
Excep· 
tions to this are identified 
by the omission 
of the standard 
product 
electrical 
grade designator 
from the part number. 
For example: 


-LT1013DS8 
has 
the 
same 
electrical 
specifications 
as LT1013DN8, since the "D" 
is common 
to both prod· 
uct numbers. 


-LT1012S8 
has one or more different 
electrical 
specifica· 
tions than LT1012CN8, as the "C" 
is missing 
from this 
product designator 
suffix. 


Please consult 
the appropriate 
SO package datasheet 
for 
complete 
electrical 
specifications. 


Marking 


Because of the limited 
space available 
for part marking on 
some SO packages, 
abbreviated 
marking 
codes are used 
to identify 
the device. These codes, if used, are identified 
in the individual 
SO package datasheets. 


Recommended 
Solder Pads 


SO·8, SO·14, SO·16 


~0-0.055 


J. 19999 
L~6666 


0028-0035 
I' 
I 
0.050 
I. 
I 
. . 14 
TYP---r--I 


Lead Finish and Solderability 


Lead finish 
is electroplated, 
matte·tin, 
with a low carbon 
content. 
Solderability 
meets 
the 
requirements 
of 
MIL· 
STD·883C, Method 
2003. Recommended 
solder 
pads are 
given in Figure 3. 


Wave and Reflow Soldering 


Following 
are the recommended 
procedures 
for soldering 
surface mount packages to PC boards. 


1. Wave Soldering 


• 
Use solder plating boards. 
• 
Dispense adhesive to hold components 
on board. 
• 
Place components 
on board. 
• 
Cure adhesive 
per adhesive 
manufacturer's 
speci· 
fication. 


• 
Foam flux using RMA (Rosin Mildly 
Activating) 
flux 
or an organic 
acid 
flux 
if more aggressive 
flux 
is 
required. 
*. Wave solder 
using a dual wave soldering 
system 
at 
240°C to 260°C for 2 seconds 
per wave. 


• 
Clean board. 


T 
0.315-0.335 
I 


H-o.oso 


TYP 


2. Reflow Soldering 


• 
Use solder plating boards. 


• 
Screen solder paste on board. 
• 
Mount components 
on board. 


• 
Bake for 15-20 minutes at 65°C-90°C. 
• 
Reflow solder paste. The solder paste temperature 
must be 200°C for at least 30 seconds. 
LTC recom- 
mends vapor phase or infra red reflow systems 
for 
best performance. 
• Clean boards. 


Thermal Information 


Table 1 shows the range of junction-to-ambient 
thermal re- 


sistance 
of devices 
mounted 
on a PCB of FR4 material 
with copper traces, in still air at 25°C. 8JA with a ceramic 
substrate 
is about 70% of the FR4 value. Maximum power 


dissipation 
may be calculated 
by the following 
formula: 


P 
[TAl 
Tj MAX- TA 
DMAX 
= 
8 
JA 


where Tj MAX= Maximum operating junction 
temperature. 


TA = Desired ambient operating temperature. 
8JA = Junction 
to ambient thermal resistance. 


SO·8 
150 to 2000CIW 
SOL·16 
85 to 1000CIW 


SO·14 
100 to 1400CIW 
SOL·18 
10 to 1000CIW 


SO·16 
90 to 130°CIW 
SOL·20 
10 to 900CIW 


Product Reliability 


Linear Technology Corporation 
publishes 
a reliability 
data 
pak on a quarterly 
basis for our complete 
range of her- 


metic and plastic devices. The data generated on the SO-8 
compares 
favorably 
with 
that generated 
for dual-in-line 
packages. 
The tests that are run to assess package and 


device reliability 
are high temperature 
operating 
life with 


electrical 
bias, 
temperature 
and 
humidity 
under 
bias 


(85/85), autoclave, 
temperature 
cycle, and thermal 
shock. 


A sample of the data for the S8 (SO-8 small outline plastic 
DIP) is shown below. 


S8 (8 Lead Small Outline Plastic DIP) 
Reliability 
Data. 
October 1986 


• Operating 
Life 


# DEVICE 
# DEVICE 
# DEVICE 
HOURS 
HOURS 
HOURS 
DEVICE 
AT 
AT 
AT 
TYPE 
SS 
150°C 
125°Cll) 
55°Cll) 
# FAILURES 


OP01 
200 
211.8K 
1186.1K 
591.9KK 
0 


LT385·1.2 
40 
41.9K 
234.7K 
117.1KK 
0 


LT1012 
46 
29.4K 
164.6K 
82.1KK 
0 


LTC1044f7660 
59 
41.4K 
265.6K 
132.5KK 
0 


LT1021 
45 
23.4K 
131.0K 
65.4KK 
0 


390 
353.9K 
1982.0K 
989.0KK 
0<4) 


TOTAL DEVICE 
DEVICE TYPE 
SS 
HOURS 
# FAILURES 


OP01 
153 
234.3K 
0 


LTC1044C 
18 
114.2K 
0 


348.5K 
0 


TOTAL DEVICE 
DEVICE TYPE 
SS 
HOURS 
# FAILURES 


OP01 
304 
260.4K 
0 


LTC1044C 
103 
161.8K 
1(3) 


LM385B·l.2 
85 
129.6K 
0 


LT1012 
148 
38.0K 
1 


589.8K 
2 


TOTAL DEVICE 
DEVICE TYPE 
SS 
CYCLES 
# FAILURES 


OP01 
155 
465.0K 
0 


LTC1044C 
96 
192.0K 
0 


651.0K 
0 


TOTAL DEVICE 
DEVICE TYPE 
SS 
CYCLES 
# FAILURES 


OP01 
156 
312.0K 
0 


LTC1044C 
96 
91.7K 
0 


403.1K 
0 


Note 1: Assumes Ea '" 1.0eV. 


Note 2: 1 Fit", 
1 failure in 109 device hours. 


Note 3: Non·functional-Bonding 
pad corrosion. 


Note 4: Failure rate at 55°C 1.2 fits(2)to a 60% confidence 
level. 


More current 
data, by device type, may be obtained 
by 
contacting 
Linear 
Technology 
Corporation, 
Marketing 
..,. 
Department. 
~ 


Tape and Reel Packing 


Tapeand reel packing is available for all SOand SOL pack· 
ages (except 18·lead)in accordance with EIASpecification 
481·A. Table 2 lists the applicable tape widths, dimen· 
sions, and quantities for all LTC small·outline products. 
Consult factory for tape and reel pricing and minimum or· 
der requirements. 


COMPONENT 
HOLE 
REEL 
PARTS PER 
PACKAGE 
TAPE SIZE 
PITCH 
PITCH 
DIAMETER 
REEL 


SO·8 
12mm 
8mm 
4mm 
13' 
2500 
SO·14 
16mm 
8mm 
4mm 
13' 
2500 
SO·16 
16mm 
8mm 
4mm 
13" 
2500 
SOL·16 
16mm 
12mm 
4mm 
13" 
1000 
SOL·18' 
- 
- 
- 
- 
- 
SOL·20 
24mm 
12mm 
4mm 
13' 
1000 


Plastic Tube Packing 


Linear Technology SO and SOL packaged devices are 
packed in conductive plastic tubes with the dimensions in· 
dicated in Figure 4. Unit quantities per tube are as listed in 
Table3. 


SO·8 
100 ea. 
SOL·16 
50 ea. 


SO·14 
60 ea. 
SOL·18 
40ea. 


SO·16 
50 ea. 
SOL·20 
40 ea. 


SOL·24 
31 ea. 


SOL·28 
27 ea. 


Linear Technology Corp. packs their SO and SOL products 
in either conductive 
plastic tubes or tape and reel, depend· 
ing on customer 
preference. 
Plastic tubes are manufac· 
tured to LTC specifications, 
while tape and reel packing 


follows 
EIA specification 
481-A, and is an extra cost item. 


The following 
pages describe 
and detail 
these packing 
methods. 


0.310 
REF 
r 
I 
0.32010 
0.250 
0580 
KEEP FLAT 
l 
_ L 


00 NOT ROUND 
0.010 
RAO 


OUT 
REF 


Nole 1: Tolerances: ± 0.010unless otherwise specified. 


Nole 2: Material: anti-static treated rigid transparent PVCor rigid black conductive. 


Nole 3: Printing: "LTC logo, Linear Technology Corp., Antistatic" 
on top side of tube. 


B, 


j 
ro,~'"'""'"'"" 
~" 
GNG 
DRAFT AND RADII 
CONCENTRIC AROUND BO 


TOP 
COVER 
TAPE 
o 


Tape Size 
0 
E 
Po 
t(Max.) 
Ao BoKo 
12,16, 
1.5 
+0.10 
1.75±0.10 
4.0±0.10 
0.400 
See Note 1 
24mm 
-0.0 
(0.069± 0.004) (0.157±0.004) 
(0.016) 


0059 ~ ~:~04 


B, 
0, 
K 
R 
Tape Size 
Max. 
Min. 
F 
Max. 
Pz 
Min. 
W 
P(SO) 
P(SOL) 


12mm 
8.2 
5.5±0.05 
4.5 
2.0±0.05 
30 
12.0± 0.30 
8.0±0.10 


(0.323) 
(0.217± 0.002) 
(0.177) 
(0.079± 0.002) 
(1.181) 
(0.472± 0.012) 
(0.315± 0.04) 


16mm 
12.1 
1.5 
7.5±0.10 
40 
16±0.30 
8.0±0.10 
12.0±0.10 


(0.476) 
(0.059) 
(0.295± 0.004) 
6.5 
2.0±0.10 
(1.575) 
(0.630± 0.012) 
(0.315± 0.04) 
(0.472 ± 0.004) 


24mm 
20.1 
11.5±0.10 
(0.256) 
(0.079± 0.004) 
50 
24±0.30 
(0.791) 
(0.453± 0.004) 
(1.969) 
(0.945± 0.012) 


Note 1: Ao BoKoare determined by component size. The clearance between 
the component and the cavity must be within 0.05 (0.002)min. to 0.65 (0.026) 
max. for 12mm tape, 0.05(0.002) min. to 0.90(0.035) max. for 16mm tape and 
0.05 (0.002)min. to 1.00 (0.039)max. for 24mm tape and larger. The compo- 


nent cannot rotate more than 20° within the determined cavity, see 
Component Rotation. 


Note 2: Tape and components shall pass around radius "R" without 
damage. 


TYPICAL 
COMPONENTCAVITY 
CENTERLINE 


TYPICAL 
COMPONENT 
CENTERLINE 


250mm 
(9.843) 


Allowable camber to be 1mm/100mm nonaccumulative 
over 250mm 


o 0 0 0 000 
lB[8lB 
t 


NO COMPONENTs=:jCOMPONENTsL:NO 
COMPONENTs:=j 
START 


40mm (1.575) 
MIN 
MIN 500mm (19.685) 
MAX 560mm (22.047) 


~ 
EMPTYCOMPONENT~ 


POCKETSSEALED 
WITH COVERTYPE 


TAPE SLOT IN CORE 
FOR TAPE START 
2.5mm 
(0.098) 
MIN WIDTH 
10mm (0.394) 
MIN DEPTH 


G (MEASURED AT HUB)---II- 


Tape 
A 
B 
D' 
N 
T 
Size 
Max. 
Min. 
e 
Min. 
Min. 
G 
Max. 


12mm 
330 
1.5 
13.0 ± 0.20 
20.2 
50 
12.4 
~ ~:~ 
18.4 
(12.992) 
(0.059) 
(0.512 ± 0.008) 
(0.795) 
(1.969) 


(0.488 ~~:~78) 


(0.724) 


16mm 
360 
1.5 
13.0 ± 0.20 
20.2 
50 
16.4 
~~:~ 
22.4 
(14.173) 
(0.059) 
(0.512 ± 0.008) 
(0.795) 
(1.969) 


(0.646 ~~:~8) 


(0.882) 


24mm 
360 
1.5 
13.0 ± 0.20 
20.2 
50 
24.4 
~~:~ 
30.4 
(14.173) 
(0.059) 
(0.512 ± 0.008) 
(0.795) 
(1.969) 
(1.197) 


(0.961 
~~:~8) 


'Metric 
dimensions will govern. 


English measurements rounded and for reference only. 


LF398S8, Precision Sample and Hold Amplifier 
. 


LM318S8, High Speed Op Amp. 


LM334S8, Constant Current Source and Temperature Sensor. 


LM385S8-1.2/LM385S8-2.5, 
MicropowerVoltage 
Reference. 


LT1001CS8, PrecisionOpAmp 
. 
. 


LTI 004CS8-1. 21L TI 004CS8-2. 5, Micropower VoltageReferences 


LTl006S8, 
Precision, SingleSupplyOpAmp 
_. 


LTl007CSILTI037CS, 
Low Noise, High Speed Precision OpAmps. 


LTl009S8, 2.5 Volt Reference. . . 
. 
_ 
_•....... 


LT1012S8, PicoamplnputCurrent, 
Microvolt Offset, LowNoiseOpAmp... 
. .............•......•...•..•.... 


LT1013DS8, DuaIPrecisionOpAmp 
.. 


LT1016CS8, Ultra Fast Precision Comparator 
. 


LTI017CSILTlOI8CS, 
MicropowerDualComparator 
. 


LTI 020CS, Micropower Regulator and Comparator . 


LT1021DCS8, Precision Reference 
. 


LT1028CS, Ultra-Low Noise Precision High Speed OpAmp 
. 


LT1030CS, QuadLow Power Line Driver 
_. 


LTI034CS8-1.2ILTl034CS8-2.5, 
MicropowerDualReference 
. 


LTI 054CSIL TI 0541S, Switched Capacitor Voltage Converter with Regulator 
. 


LT1055S81LT1056S8, 
Precision, High Speed, JFETlnput OpAmps 
. 


LT1057SILTl0571S, 
DualJFETlnputPrecision 
High Speed OpAmps 
. 


LTI 080CSIL TI 081CS, 5V Powered RS232 DriverIReceiver with Shutdown 


LTCI 043CS, Dual Precision Instrumentation Switched-Capacitor Building Block. 


LTC1044CS8, Switched Capacitor Voltage Converter .. 
. 
. 


LTCI052CS, Chopper-Stabilized OpAmp (CSOArMj 
'" 
. 


LTC1059CS, High Performance Switched Capacitor Universal Filter 


LTCI060CS, Universal Dual Filter Building Block 
. 


LTCI061CS, High Performance Triple Universal Filter Building Block 
. 


LTCI062CS, 5th Order Low Pass Filter. . . . . 
. ................•..........•..•...•..... 


OP-07CS8, Precision OpAmp 
. 


SG3524S, Regulating Pulse Width Modulator. 
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~"""""-LinlAQ 
DICE PRODUCTS 
~, 
TECHNOLOGY------- 


INTRODUCTION 


Linear Technology Corporation offers a wide variety of 
precision linear IC's in die form. It is our intent to offer 
dice electrically tested to levels which can be expected to 
yield the best possible performance in hybrid circuits. 
Complicating this task is the fact that many specifications 
given for our standard packaged products cannot be 
tested at the wafer level. Further, parameters which are 
100% tested at wafer probe testing may shift during the 
die attach/assembly process. 


There is a Dice Products Catalog available that contains 
ordering information and datasheets for obtaining dice 
products. Catalogs are available from your local LTC 
Sales Rep,or from LTCCommunications at (800)637-5545. 


Electrical Testing 


Dice are 100% tested in wafer form at 25°C to the DC lim- 
its shown on the dice data sheet for a given device type. 
Many LTC packaged products have multiple electrical 
grades associated with a basic die type. A cross reference 
appears on each dice data sheet indicating which die 
product grade should beordered to optimize candidates to 
meet the specifications of the desired finished product 
grade. This information should be used as a guideline only 
since LTCdoes not guarantee electrical specifications af- 
ter assembly. Since electrical testing is done only at 25°C, 
no absolute guarantee can be made regarding perform- 
ance at other temperatures. Some LTC products require 
post-package trimming to overcome certain assembly re- 
lated parameter shifts. Details on this trimming may be 
obtained by contacting the factory. 


Visual Inspection 


Dice are 100% visually inspected in accordance with MIL- 
STD·883,Method 2010Condition B. 


Chip Dimensions 


Chip dimensions are as indicated on individual dice data 
sheets. Tolerance is ± 1 mil. Chip thickness ranges from 


12 mils to 20 mils, depending on product type. Bond pad 
dimensions are 4.5x 4.5mils. minimum. 


Topside Passivation 


Linear Technology products are passivated with a two 
layer system: A proprietary deposited oxide gives a crack- 
free conformal coverage of metal and oxide steps. A 
plasma nitride overcoat protects the die from ionic con- 
tamination and scratches during handling, testing and 
assembly, Note that LTC uses fuse link and zener zap 
trimming techniques which require windows in the passi· 
vation over the trim points. This passivation system is a 
major contributor to the extremely high reliability demon· 
strated throughout millions of device·hours of accelerated 
testing of LTCdevices in plastic and hermetic packages, 


Topside Metallization 


The metallization is a minimum of 11,000A thick unless 
otherwise specified. The quality of the metallization step 
coverage is monitored via a weekly SEM inspection per 
MIL-STD-883,Method 2018. 


Backside Metal 


Most dice product backsides are coated with an alloyed 
gold layer. There are some CMOS products with no back- 
side metallization. In addition, some voltage regulators 
may be specially ordered with a chrome·nickle-silver 
(Cr·Ni·Ag) backside layer. Contact LTCfor details on this 
type of backside layer or to inquire about availability of 
LTCproducts with a particular backside metallization. 


Backside Potential 


Linear Technology products are junction 
isolated. For 
proper operation the backside must be electrically con- 
nected to the most negative potential seen by the IC (for 
bipolar products) or the most positive potential (for CMOS 
products). This information is also given in the individual 
dice data sheets. 
111 


Packaging 


Dice are packaged in compartmentalized waffle packs for 
ease of handling and storage. Each waffle pack contains 
100dice. Special packaging methods are also available by 
contacting the factory. 


Quality Levels of Dice Shipped 


Each dice lot is guaranteed 
to meet the following 
requirements: 
• Internal visual per MIL-STD-883,Method 2010 
Condition B: 1.0% AQL Levell!. 


• Electrical: Due to variations in assembly methods and 
packaging techniques LTC does not guarantee elec- 
trical specifications after assembly. When a determina- 
tion as to the finished product assembly yield is needed, 
the lot acceptance testing available at extra cost should 
be pursued. 


Reliability Assurance 


In addition to the more conventional reliability audits per- 
formed on finished products, LTC has innovated a unique 
periodic wafer fab reliability audit using a specially de- 
signed reliability structure that is stepped into all wafers. 
The test structure 
is optimized to accelerate the two 


primary failure mechanisms in linear circuits, namely mo- 
bile positive ions and surface charge-induced inversions. 
This provides a continuous monitor on the reliability per- 
formance of LTC's wafer fab processes and provides 
immediate feedback to wafer fab typically 
within one 
week. 


Electrostatic Discharge (ESD) Precautions 


Precision linear devices, especially those with very low 
(pA) input bias current levels and low «50 
microvolts) in- 
put offset voltages are susceptible to shifts in electrical 
performance and ESDdamage as a result of improper han- 
dling. LTC recommends that ESD precautions, such as 
grounded conductive work stations, grounded conductive 
wrist straps and grounded equipment, be taken to prevent 
ESDdamage. 


Dice may be ordered by the part number defined in the 
dice data sheet. Minimum direct dice order, per delivery, is 
1000pieces or $5,000,whichever is greater. In some cases, 
tighter parameter selections than indicated on the dice 
data sheets can be obtained by special order. Please con- 
tact the factory for detai Is. 


Lot Acceptance Testing 


Lot acceptance testing (LAT.) based on sample assembly 
and testing is available at extra cost. Sample sizes and ac- 
ceptable electrical test limits vary from device to device 
and must be negotiated at the time of quoting. Contact the 
factory for details. 


Understanding and Applying the LT1005Multifunction Regulator 
This application note describes the unique operating character- 
istics of the LT1005and describes a number of useful applica- 
tions which take advantage of the regulator's ability to control 
the output with a logic control signal. 


Perfonnance Enhancement Techniques for Herminal 
Regulators 
This application 
note describes a number of enhancement 
circuit 
techniques 
used with existing 
3-terminal reguiators 
which extend current capability, limit power dissipation, provide 
high voltage output, operate from 110VACor 220YACwithout the 
need to switch transformer windings, and many other useful 
application ideas. 


Applications for a Switched·Capacitor Instrumentation Building 
Block 
This 
application 
note describes 
a wide 
range of 
useful 
applications for the LTC1043 dual precision instrumentation 
switched-capacitor 
building block. Some of the applications 
described are ultra high performance instrumentation amplifier, 
lock-in amplifier, wide range digitally controlled variable gain 
amplifier, relative humidity sensor signal conditioner, LVDT 
signal conditioner, charge pump F to V and V to F converters, 
12-bitA to Dconverter and more. 


AN9 
Application Considerations and Circuits for a New 
Chopper·Stabilized Op Amp 
A discussion of circuit, layout and construction considerations 
for low level DC circuits includes error an~lysis of solder, wire 
and connector junctions. Applications include sub-microvolt in- 
strumentation and isolation amplifiers, stabilized buffers and 
comparators and precision data converters. 


AN11 
Designing Linear Circuits for 5VOperation 
This note covers the considerations for designing precision 
linear circuits which must operate from a single 5V supply. 
Applications 
include various transducer signal conditioners, 


instrumentation 
amplifiers, 
controllers 
and 
isolated 
data 


converters. 


AN 12 
Circuit Techniques for Clock Sources 
Circuits for clock sources are presented. Special attention is 
given to crystal-based designs inciuding TXCOsand VXCOs. 


AN 13 
High SpeedComparator Techniques 
The AN13 is an extensive discussion of the causes and cures of 
problems in very high speed comparator circuits. A separate 
applications 
section 
presents circuits, 
including 
a 0.025% 


accurate 1Hz-30MHz V to F converter, a 200ns 0.01% sample- 
hold and a 10MHzfiber optic receiver. Five appendices covering 
related topics complete this note. 


AN14 
Designs for High Frequency Voltage·To·FrequencyConverters 
A variety of high performance V to F circuits is presented. 
Included are a 1Hz to 100MHz design, a quartz stabilized type 
and a 0.0007% linear unit. Other circuits feature 1.5Voperation, 
sine wave output and non-linear transfer functions. A separate 
section examines the trade-offs and advantages of various 
approaches to V to F conversion. 


AN 15 
Circuitry for Single Cell Operation 
1.5Vpowered circuits for complex linear functions are detailed. 
Designs include a V to F converter, a 10 bit A-D, 
sample-hold 


amplifiers, 
a switching 
regulator 
and other 
circuits. 
Also 


included is a section on component considerations for 1.5V 
powered linear circuits. 


AN16 
Unique IC Buffer Enhances Op Amp Designs, Tames Fast 
Amplifiers 
This note describes some of the unique IC design techniques 
incorporated into a fast, monolithic power buffer, the LnOl0. 
Also, some appiication ideas are described such as capacitive 
load driving, boosting fast op amp output current and power 
supply circuits. 


AN17 
Considerations for Successive Approximation A- DConverters 
A tutorial on SAR type A-D 
converters, this note contains 
detailed information 
on several 12-bit circuits. 
Comparator, 


clocking, and pre-amplifier designs are discussed. A final circuit 
gives a 12-bitconversion in 1.8~s.Appended sections explain the 
basic SARtechnique and explore DACconsiderations. 


AN 18 
PowerGain Stages for Monolithic Amplifiers 
This note presents output stage circuits which provide power 
gain for monolithic amplifiers. The circuits feature voltage gain, 
current gain, or both. Eleven designs are shown, and perform- 
• 


ance is summarized. A generalized method for frequency 
compensation appears in a separate section. 


Applications for a New PowerBuffer 
The LT1010150~Apower buffer is described in a number of use- 
ful applications such as boosted op amp, a feed·forward, wide- 
band DC stabilized buffer, a video line driver amplifier, a fast 
sample-hold with hold step compensation, an overload pro- 
tected motor speed controller, and a piezoelectric fan servo. 


Thennal Techniques in Measurement and Control Circuitry 
6 applications utilizing thermally based circuits are detailed. 
InCluded are a 50MHz RMS to DC converter, an anemometer, a 
liquid flowmeter and others. A general discussion of thermody- 
namic considerations involved in circuitry is also presented. 


Applications of New Precision OpAmps 
Application 
considerations and circuits 
for the Ln001 
and 
LT1002single and dual precision amplifiers are illustrated in a 
number of circuits, including strain gauge signal conditioners, 
linearized platinum RTD circuits, an ultra precision dead zone 
circuit for motor servos and other examples. 


SomeTechniques for Direct Digitization of Transducer Outputs 
Analog-to·digital conversion circuits which directly digitize low 
level transducer outputs, 
without 
DC preamplification, 
are 
presented. Covered are circuits 
which operate with thermo- 
couples, strain gauges, humidity sensors, level transducers and 
other sensors. 


PowerConditioning Techniques for Batteries 
A variety of approaches for power conditioning 
batteries is 
given. SWitching and linear regulators and converters areshown, 
with attention to efficiency and low power operation. 14circuits 
are presented with performance data. 


AN19 
LT1070Design Manual 
This design manual is an extensive discussion of all standard 
sWitching configurations for the LT1070;including buck, boost, 
flyback, forward, inverting and "Cuk". The manual includes 
comprehensive information on the LT1070, the external compo· 
nents used with it, and complete formulas for calculating 
component values. 


AN20 
Applications for a DCAccurate Low·PassSwitched·Capacitor 
Filter 
Discusses the principles of operation of the LTC1062and helpful 
hints for its application. Various application circuits are ex· 
plained in detail with focus on how to cascade two LTC1062's 
and how to obtain notches. Noise and distortion performance 
are fully illustrated. 


AN21 
Composite Amplifiers 
Applications often require an amplifier that has extremely high 
performance in several areas. For example, high speed and DC 
precision are often needed. If a singie device cannot simultane· 
ously achieve the desired characteristics, a composite amplifier 
made up of two (or more) devices can be configured to do the 
job. AN21 shows examples of composite approaches in designs 
combining speed, precision,low noise and high power. 


AN22 
A Monolithic ICfor 100MHzRMS·DCConversion 
AN22 details the theoretical and application aspects of the 
LT1088 thermal RMS·DC converter. The basic theory behind 
thermal RMS·DCconversion is discussed and design details of 
the LT1088 are presented. Circuitry for RMS·DC converters, 
wideband input buffers and heater protection is shown. 


AN23 
Micropower Circuits for Signal Conditioning 
Low power operation of electronic 
apparatus has become 
increasingly desirable. AN23 describes a variety of low power 
circuits for transducer signal conditioning. Also included are 
designs for data converters and switching regulators. Three 
appended sections discuss guidelines for micropower design, 
strobed power operation and effects of test equipment on 
micropower circuits. 


AN24 
Unique Applications for the LTC1062Lowpass Filter 
Highlights the LTC1062as a lowpass filter in a phase lock loop. 
Describes how the loop's bandwidth can be increased and the 
VCO output jitter reduced when the LTC1062is the loop filter. 
Compares it with a passive RCloop filter. 


Also discussed is the use of LTC1062as simple bandpass and 
bandstop filter. 


AN25 
Switching Regulators for Poets 
Subtitled "A Gentle Guide for the Trepidatious", this is a tutoriai 
on switching regulator design. The text assumes no switching 
regulator design experience, contains no equations, and reo 
quires no inductor construction to build the circuits described. 


Designs detailed include flyback, isolated telecom, off·line, and 
others. Appended sections cover component considerations, 
measurement techniques and steps involved in developing a 
working circuit. 


AN26 
A collection of interface applications between various micro· 
processors/controllers and the LTC1090family of data acquisi· 
tion systems. The note is divided into sections specific to each 
interface. The following sections are available: 


Microprocessorl 


Number 
AID 
Microcontrolter 


AN26A 
LTC1090 
8051 


AN26B 
LTC1090 
68HC05 
AN26C 
LTC1090 
63705 


AN26D 
LTC1090 
COP820 


AN26E 
LTC1090 
TMS7742 


AN26F 
LTC1090 
COP402N 
AN26G 
LTC1091 
8051 
AN26H 
LTC1091 
68HC05 
AN261 
LTC1091 
COP820 


AN26J 
LTC1091 
TMS7742 


AN26K 
LTC1091 
COP402N 


AN26L 
LTC1091 
HC63705VO 


AN26M 
LTC1090 
TMS320C25 


AN26N 
LTC1091/92 
TMS320C25 
AN260 
LTC1090 
Z·BO 


AN26P 
LTC1090 
HD641BO 


AN26Q 
LTC1091 
HD641BO 


AN26R 
LTC1094 
TMS320C25 


These interface notes demonstrate the ease with which the 
LTC1090 family can be interfaced to microprocessors/con· 
trollers 
having either parallel or serial ports. A complete 


hardware and software description of the interface is included. 


AN27 A 
A Simple Method of Designing Multiple OrderAit Pole 
Bandpass Filters by Cascading 2nd Order Sections 
Presents two methods of designing 
high quality 
Switched 
Capacitor bandpass filters. Both methods are intended to vastly 
simplify the mathematics involved in filter design by using 
tabular methods. The text assumes no filter design experience 
but allows high quality filters to be implemented by techniques 
not 
presented before 
in the 
literature. 
The designs 
are 


implemented by numerous examples using devices from LTC's 
Switched 
Capacitor 
filter 
family: 
LTC1060, LTC1061, and 


LTC1064. Butterworth 
and Chebyshev bandpass filters 
are 
discussed. 


AN28 
Thermocouple Measurement 
Considerations for thermocouple based temperature measure· 
ment are discussed. A tutorial on temperature sensors summar· 
izes performance of various types, establishing a perspective on 
thermocouples. Thermocouples are then focused on. Included 
are sections covering cold·junction 
compensation, 
amplifier 


selection, 
differentiallisolation 
techniques, 
protection, 
and 
linearization. Complete schematics are given for all circuits. 
Processor based linearization 
is also 
presented 
with 
the 
necessary software detailed. 


AN29 
Some Thoughts on DC·DCConverters 
This note examines a wide range of DC·DC converter applica· 
tions. Single inductor, transformer, and switched 
capacitor 


converter designs are shown. Special topics like low noise, high 
efficiency, low quiescent current, high voltage, and wide·input 
voltage 
range converters 
are covered. Appended sections 
explain some fundamental 
properties of different 
types of 
converters. 


AN30 
Switching Regulator Circuit Collection 
Switching regulators are of universal interest. Linear Technology 
has made a major effort to address this topic. A catalog of cir· 
cuits has been compiled so that a design engineer can swiftly 
determine which converter type is best. This catalog serves as a 
visual index to be browsed through for a specific or general 
interest. 


AN31 
Linear Circuits for Digital Systems 
Subtitled 
"Some 
Affable 
Analogs 
for 
Digital 
Devotees," 


discusses a number of analog circuits useful in predominantly 
digital systems. Vpp generators for flash memories receive 
extensive treatment. Other examples include a current loop 
transmitter, dropout detectors, power management circuits, and 
clocks. 


AN32 
High Efficiency Linear Regulators 
Presents circuit techniques permitting 
high efficiency 
to be 
obtained with linear regulation. Particular attention is given to 
the problem of maintaining high efficiency with widely varying 
inputs, outputs and loading. Appendix sections review com· 
ponent characteristics and measurement methods. 


AN33 
Converting Light to Digits: LTC1099Half Flash 8·Bit AID 
Converter Digitizes Photodiode Array 
This application 
note describes a Linear Technology "Half 


Flash" AID converter, the LTC1099, being connected to a 256 
element line scan photodiode array. This technology adapts 
itself to hand held (i.e. low power) bar code readers, as well as 
high resolution automated machine inspection applications. 


AN34 
LTC1099Enables PC Based Data Acquisition Board to 
Operate DC·20kHz 
A complete design for a data acquisition card for the IBM PC is 
detailed in this application note. Additionally, C language code 
is provided to allow sampling of data at speeds of more than 
20kHz. The speed limitation is strictly based on the execution 
speed of the "C" data acquisition 
loop. A "Turbo" XT can 
acquire data at speeds greater than 20kHz. Machines with 80286 
and 80386 processors can go faster than 20kHz. The computer 
that was used as a test bed in this application was an XT running 
at 4.77MHzand therefore all system timing and acquisition time 
measurements are based on that the 4.77MHzclock speed. 


